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Medium-class holder, model A-W, 14 ounces, 
lightest holder made to take 1 4” rods, rated 300 amps, 
with its long lever, and fitting the hand like a glove, 
is the most popular in the Jackson line. 


Large class model A-5S, 21 ounces, takes 
5/16” rods at 400 amps, has wider lower tong 
for firm grip, larger diameter handle 


p Vacate alloy tongs for lightness, and high-copper alloy jaws 
for durability, account for the year-after-year popularity of 
Jackson Featherlight Electrode Holders. Up to 35% less in 
weight, they not only give excellent, but tireless performance. 
With Jackson’s high-impact, high-heat resistant insulation, they also 
give you long trouble-free service, easy low-cost maintenance. 


Medium-class streamlined mode! 
JH-3, 15-3/4 ounces, takes 1/4” rods into 
the tight spots at 300 amperes. 


Small-class model JH-2, 9-1/2 ounces 
and only 8” long (Jackson's smallest) 
takes 5/32” rods at 200 amps. 
Sold World-Wide—through Distributors and Dealers 
JACKSON PRODUCTS + WARREN, MICHIGAN 


Air Reduction Sales Co., A Division of Air Reduction Co., Inc. 
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Here’s a Profitable New HOBART... 


WELDER COMBINATION 


Do Inert Gas (“TIG”) Welding or Conventional Metallic Arc Welding, AC or DC 


oc @ 
HOBART 


Now you can have your choice of ac welding or dc welding, plus inert 
gas welding if desired . . . all with remote control! Inert Gas Welding 
facilities let you weld special and alloy metals as well as regular mild 
steel. A convenient switch gives a choice of metallic arc welding, tung- 
sten arc welding with continuous high frequency for welding aluminum 
and similar metals, or tungsten with timed high frequency for welding 
Stainless steel. 

With this new Hobart AC/DC unit you can handle jobs that call for 
either AC or DC (straight or reverse polarity) by merely shifting the con- 
venient selector switch. Versatility is a time saving, money saving fea- 
ture. And Hobart now gives you another top quality arc welder that is 
tops in versatility. Write or call today for complete specifications, no 


This new AC/DC Welder 
Combination may also be 
had without the Inert Gas 
Facilities if desired. Lets 
you choose either AC or DC 
metallic arc welding using 


the new faster welding 
electrodes. 


obligation. 
HOBART BROTHERS CO., Box WJ-77, Troy, Ohio, Ph. FE 21223 
“One of the world’s largest builders of arc welding equipment” 


details on Model AD-364. 


SE 
THE MOST 


HOBART WELDERS 


“Contractor's Special” ELECTRIC DRIVE “WUSKY BOY” AC WELDER 200 amp. GAS ENGINE DRIVE 308 “BANTAM CHAMP” CONSTANT VOLTAGE 
752 amp., GAS DRIVE 200 te 600 amp. 200 amp. GAS DRIVE OR AC POWER COMBINATION 10 GOO amp. SIZES 750 amp. geserater only FOR AUTOMATIC WELDING 


HOBART BROTHERS CO., BOX WJ-77, TROY, OHIO 


(6013) Hobart’s new No. 413 electrode 


Fast operating characteristics, wide 
range of application and a good, pene- 
trating arc make this new electrode 
easy to use. 

The ‘413"' will instantly start and 
restart, even when partially consumed. 
For heavy to light gauge mild steels. 


TRY THE “413” SOON! 
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; Without obligation, send me complete information on: 

amp. capacity. 

(0 AC/DC with Inert ‘*Contractor's AC Welder —AC 

H Gas Special"’ Power Combination 
AC/DC without Inert Electric Drive ‘Husky Boy’’ 

Gos “‘Bontam Champ"’ Automatic Welding 
! 


Gas Engine Drive [] electrodes 


Address__ 
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here is an additional line every welding 
supply distributor can handle profitably 


whether or not you are now handling our line of welding and flame 
cutting apparatus these many air-gas torches will be of interest to 
you and can be handled by you at a desirable profit. Our brochure 
No. 8 illustrates and describes equipment which is noncompetitive 
but supplementary. 


Is natural gas scheduled to replace a manufactured gas in your 
territory? If so. we have something of special interest to you and 
your Gas Company. If this conversion has been made in the past, 
we have equipment your customers will be interested in. We have 
designed, produced and used torches and other items for the con- 
trol of flammable gases since 1910; and we have cooperated with 
gas manufacturers and public utility companies for many years. 
Please look at the column to your right for a partial listing of some 


of the torches our brochure illustrates and describes in a colorful 


and interesting manner... write for it today 


NAT | NAL welding eQuipMent COMPANY... 212 tremont street san francisce 5 california 


here is a partial 

list of torches and 
operations listed 

in our Brochure #8: 


ribbon flame burners 
for the glass blower 
and others. . 


crossfires for all 
fuel gases and either 
compressed air or 
pure oxygen... 


small bench blow- 
pipes for labora- 
tories, radio 
technicians, 
electricians, 
orthodontists 

and others... 


air-gas mixers for 
many purposes and 
in all capacities . . . 


fine needle valves in 
all sizes . 


a modern alcohol 
blowpipe for glazing, 
heat treating of 
molding compounds, 
smoothing wax 
surfaces or working 
with plastics . 


cannon fires which 
can use many fuel 
gases with air or 
oxygen... 


small air-gas torches 
for hand or bench 


preheating torches 
in all sizes and 
capacities ... 


it’s made by 


540 DEPT. 143 
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See Your 


Mallory Distributor 


for the Best in Resistance Welding Materials 


Your local Mallory Distributor stocks a broad 
selection of Mallory standard welding electrodes, 
in a diversified line of sizes, shapes and alloys. 
He also stocks Mallory electrode holders, bar stock 


and seam welding wheels — available in 


many 


designs, for a variety of pressures and applica- 
tions. Mallory Distributors can advise on special 
welding problems, or call on Mallory production 


and engineering facilities for special requirements 
assuring prompt local service on every re- 
sistance welding need. 


Mallory District Sales Offices in principal cities throughout the United States 


ALABAMA 

A. C. Welding & Supply Co. 
Birmingham 

Mills & Textile Supply, Inc. 
Birmingham 


ARIZONA 


Arizona Welding Equipment Co., Inc. 


Phoenix 

CALIFORNIA 

Call Equipment Co. 

San Gabriel 

G. S. Parsons Co. 

San Diego 

Resistance Welding Co. 
los Angeles 

A. P. Seedorff & Co., Inc. 
Bell 

COLORADO 

Hendrie & Bolthoff Co. 
Denver 

FLORIDA 

J. B. Wallis 

Jacksonville 

GEORGIA 

Pye-Barker Welding Supply Co. 
Atlanta 


J. M. Tull Metal & Supply Co., Inc. 


Atlonta 


lee S. Wolf & Co. 
Atlanta 


ILLINOIS 

Machinery & Welder Corp. 
Chicago 

Machinery & Welder Corp. 
Moline 

INDIANA 

Allied Weld-Craft Inc. 
Indianapolis 

Welding Equipment & Supply Co. 
Indianapolis 

KANSAS 

Lampton Welding Supply Co. 
Wichita 

LOUISIANA 

Dixie Mill Supply Co., Inc. 
New Orleans 


Richards Machinery and Supply Co. 


Shreveport 


Oliver H. Van Horn Co., Inc. 
New Orleans 
MASSACHUSETTS 
Austin-Hastings Co., Inc. 
Cambridge 

MICHIGAN 

Manufacturers Supply Co. 
Grand Rapids 

MINNESOTA 

Minnesota Steel Supply Co. 
Minneapolis 


MISSOURI 

Hill Equipment Engineering Co. 
St. Louis 

Kirk-Wicklund & Co. 

Kansas City 

NEBRASKA 

Fuchs Machinery & Supply Co. 
Omaha 

NEW JERSEY 


Essex Welding Equipment Co., Inc. 


Newark 

Mid-Jersey Equipment Co. 
Livingston 

NEW YORK 

Collins & Co. 

Brooklyn 

Mills Welding Supply, Inc. 
Buffalo 

Welding Supply Corp. 
Rochester 

Welding Supply Co., Inc. 
Syracuse 

NORTH CAROLINA 


National Welders Supply Co., Inc. 


Charlotte 

OHIO 

W. H. Kiefaber Co. 
Dayton 

OKLAHOMA 

Hart Industrial Supply Co. 
Oklahoma City 


OKLAHOMA (Con’t) 
Marshall Supply & Equipment Co. 
Tulsa 

OREGON 

J. E. Haseltine & Co. 
Portland 

PENNSYLVANIA 

Weber Welding Supplies 
Pittsburgh 

W. E. Wheaton Co. 
Huntingdon Valley (Phila.) 
TENNESSEE 

Beaver Welding Supply Co. 
Memphis 

Jones-Sylar Supply Co., Inc. 
Chattanooga 

TEXAS 

Briggs-Weaver Machinery Co. 
Dallas 

Briggs-Weaver Machinery Co. 
Houston 

UTAH 

C. & C. Welding Supply Co. 
Ogden 

WASHINGTON 

J. E. Haseltine & Co. 

Seattle 

WISCONSIN 

Machinery & Welder Corp. 
Milwaukee 

Randall-Graw Co., Inc. 

La Crosse 


Expect more...Get more from 


Over 30 Years of Resistance Welding Leadership 


MALLORY & CO. Inc., 


In Canada, made and sold by Johnson Matthey and Mallory, Ltd., 


110 Industry Street, Toronto 15, Ontario 


INDIANAPOLIS 6, INDIANA 
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PAGE has unsurpassed facilities, experience and 
special skills for drawing and furnishing the right 
wire for your welding applications. We are ideally 
equipped to manufacture wire to any desired size, 
temper or surface finish. 

We purchase our raw materials to rigid 
specifications; we select heats of steels for optimum 


@ wire to Fill Your Needs 
—Wide Analysis Range 


The PAGE line contains 26 different analyses, covering 
the field of applications: heavy automatic submerged 
arc...light manual submerged arc...inert gas manual 
...automatic, tungsten or metal arc. 


AUTOMATIC WELDING WIRE 


CARBON STEEL...Any carbon from Armco (.025 
max.) to high carbon (.70-.84) 


LOW ALLOYS...AIl the most popular 
welding grades 


STAINLESS...AIl standard AISI grades. 
Other types on request 


GAS WELDING RODS 

PAGE Gas Welding Rods have long been recognized 
as the standard of quality, uniformity and dependable 
performance. These rods, in an exceptionally wide range, 
are furnished in coils, on reels or in 36-inch lengths, 
in the following materials: medium or high carbon steel, 
mild steel, Armco, low alloy, stainless steel, manganese 
bronze, naval bronze. 


offers 3 big advantages 


characteristics — then, upon delivery and before pro- 
cessing, we analyze samples for conformity with our 
specifications. Thus, PAGE is the one supplier in a 
perfect position to control the chemical and phys- 
ical properties of its product from billet to rod to wire! 


BARE ELECTRODES 
PAGE Bare Electrodes are available in any carbon from 
Armco to high carbon (.70-.84). 


METAL SPRAY WIRE 


PAGE Metal Spray Wire is supplied in: any carbon 


from Armco to .80 carbon, low alloy, stainless steel, 
manganese bronze, naval bronze. 


2) PAGE Packaging Means Protection and Convenience 


Wrapped Coils... 
Coils in Cartons 
Single and palletized coils, 
each coil steel-strapped 
and wrapped in waterproof 
paper...Also, single and 
palletized coils, in individ- 

ual cartons. 


Handy Reels 
PAGE Inert Gas Welding 
Wire is available on 25-lb., 
nonreturnable palletized 
reels to fit all popular inert- 
gas welding machines. Wire 
is precision thread-wound. 


Pay-off-paks & Leverpaks 

PAGE Pay-off-paks permit 
continuous feeding of wire 
up to 600 lbs. (from 20” Pak) 
or 850 lbs. (from 23” Pak) 
without rethreading. Both 
Pay-off-paks and light- 
weight Leverpaks (not illus- 


Welding Wire in Coils 
PAGE A-S Automatic 
Welding Wire is regularly 
furnished in layer-wound 
coils with cardboard liner, 
four Signode straps for 
easy coiling and unwinding 

—palletized as necessary. 


Gas Rod Packing 


PAGE Gas Welding Rods 
are supplied in 36” lengths 
in 50-lb. bundles, paper and 
burlap-wrapped. Also in 
burlap-wrapped coils and 
150-lb. (approx.) reels. 
Stainless rods also avail- 
able in 10-lb. fibre-board 
cartons. 


trated) give protection 
against distortion and cor- 
rosion...are easily opened, 
resealed, handled, stored. 
Palletized when requested. 


Send for These... 


*Folder DH-402A + PAGE Submerged Arc 
and Inert Gas Welding Wire 


* Booklet DH-1277 » pAGE Gas Welding Rods 
* Welding Rod Comparison Chart 


Page Steel and Wire Division 


AMERICAN CHAIN & CABLE 


Monessen, Pa.*, Atlanta, Chicago*, Denver*, Detroit, Houston* 
Los Angeles*, New York, Philadelphia*, Portland, Ore. 
San Francisco*, Bridgeport, Conn. 


&) Prompt Delivery 
from Local Stocks 


PAGE automatic arc welding wire and oxy- 
acetylene welding rods are readily available 
from PAGE warehouses shown at bottom of 
this page—and from a nearby PAGE Distribu- 
tor, wherever you live. Your 
PAGE Distributor saves you 
time by filling your needs Acco 
for Better 
Values 


promptly from his stock. This 
helps keep your inventory in- 
vestment down! 


* indicates PAGE warehouse stocks 


Ture JourNAL 


¥ 

eve 

ok 

>— 

+3 

be 

= Kd 

MARK 4 
7; 
672 
+ 


THE WELDING JOURNAL 


VOLUME NUMBER 1 


TECHNICAL PAPERS, 
ITEMS AND REPORTS 


l:ditorial—) veld Point and Bridge Stresses, by John Sout! 


1957 Adams Lecture—Evolution of High-Te nsile Weld Metal wit/ 
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High-Freque ney Resistance Welding, by Wallace C. Rudd 


PRACTICAL WELDER 
AND DESIGNER 


Automatic Oxryge n Cutting Speeds Parts Fabrication. by J.0. Me klligolt and N.C. Brink 
lnert-Gas Metal-Arc We lding Prevents B-52 Production Delay 


Multipass Welding of Steel Pipe with COs. by A 
A. P. Demmer 
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Large Steam Valve Welded Without Preheat, by H. B. Bolt 
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or an exacting 


Tungsten-arc welding with Inco “62” Filler Wire re- 
sults in strong, corrosion-resisting joints in Inconel 
alloy. Among the precautions Elano Corporation, 


Dayton, Ohio, takes on this job for the AEC are vapor- 
degreasing, CC14 rinse, glove-handed set-up of all parts 
. dye-penetrant-testing of every bead deposited. 


How to make AEC-quality welds in 
Inconel pump to handle molten metals 


Elano Corporation fabricates a 
remarkable pump for the Atomic 
Energy Commission. 

It’s seal-less . . . absolutely leak- 
proof. It circulates corrosive reactor 
“coolants” at high pressure: aggres- 
sive, high-purity water or liquid 
metals as hot as 1800°F. 

To stand up in this service, all 
parts that come in contact with the 
“coolants” are Inconel* nickel- 
chromium alloy. 


AEC standards require joints in the 
Inconel components that are as cor- 
rosion-resisting as the base metal... 
just as strong and ductile. Here’s 
how Elano gets this AEC quality: 
First, they use the inert gas tung- 


(co 
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sten arc process. That eliminates 
need for flux ...a possible cause of 
corrosion at elevated temperatures. 


Second, they weld with “62” 
Inconel* Filler Wire. This filler 
metal is produced by the men who 
produce Inconel alloy ... naturally 
gives the best possible match with 
the parent metal. 


Third, they use a meticulously 
careful multiple-pass welding tech- 
nique. With low arc voltage (and 
low heat input), weldors lay down 
straight, narrow beads... hold weld- 
ing speed to less than one inch a 
minute... avoid weaving. 

This procedure preserves Inconel 


Electrodes 


INCO. Welding Products Wires 


Fluxes 


alloy’s important deoxidizing ele- 
ments...and minimizes grain growth 
in the base metal. End result: welds 
are sound ...strong... ductile. They 
possess uniform structure... high 
corrosion resistance. 


You take a giant step towards filling 
the “specs”... whatever they are... 
when you weld Inco Nickel Alloys 
with Inco Welding Products. 


Take the first step now. Write for 
your copy of a useful booklet that 
describes all these electrodes, wires, 
rods, and fluxes. It’s called “Inco 
Welding Products.” 


Registered truadema:k 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 
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YIELD POINT AND BRIDGE STRESSES 


Is too much importance being attached to ‘‘yield point” in 
determining the allowable steel stresses in dynamically-loaded 
structures? 

Reviewing available information on fatigue in a study of 
welded bridges, three things stand out fatigue strength does not 
significantly increase with an increase in yield point; difference 
in the fatigue strength of riveted or welded connections is in- 
significant; the relative freedom from actual fatigue failures in 
railroad bridges. 

Pennsylvania Railroad Standard Bridge Specifications from 
1897 to 1928 required the use of “soft steel” with a yield point of 
28,000 psi. However, compare the following requirements for 
ductility in these old specifications with the present ASTM A7 
specifications, ‘‘Elongation 25°7, Reduction 50°)”. “A piece of 
each sample bar shall be bent cold and closed up against itself... . 
without developing any crack or flaw....”’ *‘The .... 
must be such that a punched hole * s in. diameter, the center not 
more than 1' . in. from edge, may be enlarged by drifting to a 
diameter 50°; greater than the original hole without cracking the 
specimen at any point.” 

Many bridges still in service on heavily-traveled sections of 
the Railroad were built over 50 years ago under these specifications 
with allowable stress in tension of 16,000 psi, and designed for a 
live load equal to Coopers E-50 as against present-day E-72 live 
load requirements. Fatigue failures have been confined to over- 
stressed minor details. Welding repairs made over the past 
twenty-five vears have had no effect on fatigue failures. 

Possibly, bridge engineers should be more concerned with 
failure from brittle fracture of steel with low notch toughness than 
fatigue failure. The spectacular bridge failures, excepting those 
caused by severe overloads, have been by brittle failure. 

It is quite possible that the actual factor of safety in case of a 
dynamically-loaded structure is greater with a low-yield-point 
ductile steel than a high-yvield-point steel with lower ductility even 
though the unit stress was the same in both cases. 

There is need for further research along these lines. 


John EB. South 


ASSISTANT CHIEF ENGINEER— 
STRUCTURES 
THE PENNSYLVANIA RAILROAD CO, 
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1957 ADAMS LECTURE 


EVOLUTION OF HIGH-TENSILE WELD METAL 
WITH LOW-HYDROGEN ELECTRODES 


BY D. C. SMITH 


High-lensile weld metal developments have kept pace 


DeWITT C. SMITH is « native of Pleasant Grove, Utah 

Received his formal education at the Brigham Young Univer- 
sity and Utah State Agricultural College where he received 
a B.S. and M.S. in chemistry. His studies for a Ph.D. were 
done at the George Washington and Maryland Universities, 
finishing at Maryland with « major in Physical Chemistry. 

1957 


1957 Smith 


with high-tensile steels since the advent of 


low-hydrogen tron-powder electrodes 


In 1934 he went to work for the National Canners Associa- 
transferred to. the 
In 1937 he 


was employed by the Harnischfeger Corp., Houses Division, as a 


tion as assistant chemist and in 1935 


National Bureau of Standards as testing engineer 


research engineer and in 1942 transferred to the Electrode Divi- 
sion ol Harnischfeget Corp is Chief Metall irgist, engaged in re- 
search and development of are-welding electrodes and production 
quality control, 

He has served on various Ordnance Advisory Committees 
and on AMERICAN WELDING Society Committees; as Chairman 
of ASM Committee on selection of we lding ¢ lectrodes for Metals 
Handbook 1955 supplement. At the present time, he is serving 
is chairman of AWS-ASTM Filler Metals Committee. 
onducted 


At the same time, he has « rious research projects 


on welding and has written several articles and papers on welding 
electrodes and their applications, some of which have been pub- 


lished in THe WELDING JoURNAI 


ABSTRACT. The evolution of high-tensile weld metal (100,- 
000 to 300,000 psi) commenced with the introduction of 
low-hydrogen electrodes during World War II. Covered 
electrodes containing cellulosic combustible materials 
and or hydrogen-bearing mineral-ty pe coatings produc- 
in an acid slag, as compared to the low-hydrogen basic 
type, were never satisfactory for producing weld deposits 
much above 100,000 psi, 
had to be welded with little or no preheat. 


particularly when the work 
Some of 
the causes underlying the unsatisfactory performance of 
the conventional type coatings and how the evolution 
of higher-strength weld metals has kept pace with the 


steels are given 
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Variable moisture contents of the coating caused 
erratic and unpredictable results with the first lime- 
ferritic commercial electrode (NRC-2A) developed for 
the welding of steels of high hardenability. The impor- 
tant role of moisture (or hydrogen) in causing weldment 
failures was not too well recognized until after World 
War II. 

A Navy-NEMA committee developed a weld metal 
of approximately 110,000 psi minimum yield and 20° 
elongation with high notch toughness when applied 
under highly restrained conditions with little or no 
preheat. In studying this and electrodes with similar 
coatings (low hydrogen), the Navy Department, Bureau 
of Ships, noted the detrimental effect of moisture in the 
coatings and established maximum limits for moisture 
in the coatings of electrodes purchased for military 
purposes. 

Results of an investigation by our laboratory, spon- 
sored by the Ordnance Corps, U. 8. Army, are given on 
(1) the effect of moisture in the coatings of MIL-E- 
Y86B, Types MIL-230-16 and MIL-260-15, electrodes 
on the welding of armor plate, (2) the conditions re- 
quired to restore electrodes to their original usability 
after they have absorbed a harmful amount of moisture 
and (3) the rates at which moisture is absorbed by the 
coatings at various humidities and temperatures. 

It was later discovered that the nickel-molybdenum- 
vanadium type of weld metal was unsatisfactory for the 
usual heat treatments, such as 1150° F stress relieved 
or quenched and tempered in the 900-1200° F tempera- 
ture range. 

Three different high-strength-alloy weld-metal com- 
positions were developed to overcome the temper 
brittleness of the nickel-molybdenum-vanadium type 
for use in cast armor repair service and their properties 
are given. 

Four types of heat-treatable high-strength weld-meta! 
compositions developed and used for aircraft applica- 
tion in the tensile-strength range of 125,000-210,000 
psi are described and their properties are given. 

The development of ultra-high-strength steels (220, 
000- 300,000 psi) is reviewed and weld metals developed 
for use in their fabrication. Six different types of ultra- 
high-strength weld metal are proposed and the follow- 
ing properties investigated: Transverse and _ all-weld 
metal tensile and yield strengths, ductility, hardness, 
transverse and longitudinal bending properties, tough- 
ness as measured by the Charpy V-notch impact, 
Jominy hardness, grain size determination and Lehigh 
Most of the tests were made 
on the weld metal tempered over a wide range of tem- 


restraint cracking tests. 


perature. 

The results of the ultra-high-strength weld metal 
development indicate that it is difficult to select any one 
of these types as the best. Types C and D showed best 
ultra-high-strength properties at a 400-500° F temper- 
ing range. Types A and B appeared best in the 500 
700° F range. 
800° F tempering range and Type F in the 1050-1200° 


Type EF seemed more suitable in 600 
F range. An understanding of the properties desired 
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is necessary to make an intelligent selection from among 
these six types. Each has an application suitable for 
the particular service required. 

Results from this research show that practically all 
the ultra-high-strength steel compositions can be 
matched with weld metal. Furthermore, it is believed 
that enough data have been obtained to show that it is 
possible to use these electrodes under service conditions 


to fabricate ultra-high-strength steels. 


Introduction 

Mr. Chairman, Members and Guests of the AMERICAN 
WELDING Society, we have convened this morning for 
the fifteenth annual lecture honoring Dr. Comfort 
Avery Adams. Unlike many of my predecessors, | 
have not had the good fortune of knowing personally Dr 
Adams but I have, with many others, greatly bene- 
fited from the pioneering achievements, guidance and 
teachings in research of this great counselor and founder 
of the AMERICAN WELDING Soctery. 

In these days when we are so conscious of our heritage 
of freedom, we in the welding industry recognize how 
rich is our heritage from such an indomitable pionee! 
of welding as Dr. Adams. The status of welding today 
serves as a monument to his farsightedness and the wis 
dom of his guiding hand in its beginning. I sincerely 
hope that the subject of this lecture is one that he him 


self might have selected. 
Growing Importance of High-Strength Steels 

I selected the subject of “The Evolution of High- 
Tensile Weld Metal with Low-Hydrogen Electrodes” 
because I have seen the rise in use of higher and higher 
tensile steels and we in the welding industry are now 
actively engaged in developing and producing welding 
electrodes that will weld these new extra-high-streneth 
steels. 

A few vears ago, one of the major aircraft Companies 
showed that existing alloy steels such as 4340 possessed 
dormant properties that could be utilized for aircraft 
construction at tensile strengths up to approximately 
280,000 psi by simply lowering the draw temperature 
lelow the usual 800° F. Prior to this, 200,000 psi was 
considered about the maximum tensile strength that 
was safe and still retain sufficient ductility and tough- 
ness. Since this time, several of the major aircraft 
factories have developed structures designed around 
these ultra-high-tensile steels. 

That this trend to development and use of ultra- 
high-strength steels is in the foreground of thinking of 
our leading research directors and metallurgists is 
illustrated by statements such as that of A. B. Kinzel, 
vice-president of research for Union Carbide and Car- 
bon Corp., who in his 1956 Burgess Memorial Lecture 
before the Washington Chapter of the Society for 
Metals stated that metallurgy is on the threshold of 
its greatest advances. Better pig iron will be made so 
that electric furnace steel will be cheaper than open- 
hearth steel. The cost differential between alloy steels 
and carbon steels will be less and consequently the 
total production of alloy steel will increase. Also, 
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future research will discover more about vacuum melt 
ing and we will then have new, higher-quality alloy 
steel, and metallurgists will produce commonly used 
steels with tensile strengths exceeding 280.000 psi 
and possessing excellent ductility. Also, Van H. Leich- 
liter, vice-president of American Steel and Wire Divi 
sion, in his MeFarland Award Lecture at Penn State 
University stated that today wire for suspension bridges 
has tensile strength up to 250,000 psi. Recently 
high carbon wire has been drawn with a tensile strength 
of 500,000 psi and pure iron crystals of 1,900,000 psi 
have been created in a laboratory. In referring to the 
importance of the metallurgist in the Electomic Age, 
Mr. Leichliter said “that history made it clear in ow 
complex world of knowledge and invention and dey elop 
ment that each of us has a value in direct proportion to 
our ability to appreciate and work with the over-all 
team.”” In this team concept he visualized the meta! 
lurgist as the quarterback by reason of the fact that he 
stands astride the raw material of the metals of the 
earth. 

Like the opinions of these and other authorities in 
this field, I feel that we are now on the threshold of an 
era when industry will be welding these ultra-high- 
strength steels as common practice and electrodes will 
be available for this purpose. 

High-Tensile Weld Metal 

Weld metal with tensile strengths exceeding 70,000 
psi has been generally regarded by the industry as 
high tensile providing it contains deliberate additions 
of elements such as manganese, molybdenum, silicon, 
chromium, nickel, or vanadium to increase the tensile 
strength above the 60,000 psi. If, however, the in- 
creased tensile strength is produced from manganese 
(not exceeding 1.00°7), silicon (not exceeding 0.806; 
or possible small amounts of titanium, electrodes have 
been classified by AWS as mild steel and not in the high- 
tensile alloy class. Staying under these limits for man- 
ganese and silicon and keeping the other alloys below 
concentrations that are considered residuals, the ten- 
sile strength can seldom go beyond 85,000 psi 

For the purpose of this lecture, however, weld metal 
of 100,000 psi and up will be regarded as high tensile 
and the developmes.t of weld metal designed for making 
weldments in the range of 100,000 to 300.000 psi will 
he considered. Alloy additions to the weld metal are 
necessary to reach this tensile strength range so they 
could likewise be classified as alloy high-tensile weld 
metals. The details of this work in the development 
research have been omitted in order to emphasize the 
over-all results and conclusions. 


Limitations of the Conventional Type Coatings 
In this country, are welding of plain-carbon struc- 
tural steels was developed as a process of general impor- 
tanceduring World War I using bare electri «les primarily. 
Bare electrode welding, while satisfactory for many 
purposes, results in weld deposits of very low ductility 
and low shock loading resistance. Development of 
electrode coatings with organic or gas-forming materials 


producing a reducing atmosphere around the arc, as 
well as slag-forming oxides, enabled a deposition of weld 
metal higher in ductility, shock loading resistance and 
tensile strength. Furthe rmore, the speeds ol welding 
in all positions were greatly increased with these covered 
electrodes Are-welding applications were soon  in- 
‘reased to include low-alloy steel structures where the 
steels were used in the as-rolled or normalized condition, 

Covered electrodes containing cellulosic materials, 
alloyed sufficiently to raise the weld metal strength 
comparable to that of high-strength base metal, were 
developed and used with a minor degree of success 
When sufficient preheat and postheat treatments were 
used. Preheating and or heat treatment after welding 
was often impossible and o1 impractical Even with 
the use of preheat and postheat treatment, electrode 
weld metal with tensile strengths above 110.000 psi 
were seldom used or considered suitable with these 
conventional type coated electrodes 

It was not until this country’s entry into World War 
I] that the American industry was called upon to apply 
the are-welding process to fabrication of alloy -steel 
structures which had considerably higher tensile strength 
and resistance to impact loading Steels commercially 
heat treated in heavy and sometimes complex sections 
were used for structures in combat vehicles 


Are-welding applications involving high-tensile steel 


are limited by the formation of a hard brittle marten- 
sitic zone adjacent to the weld wherein cracks may occur, 
This cracking may be the result of additional stresses 
caused by hydrogen. The most commonly accepted 
theories for the behavior of hy drogen are given by Stout 
and Doty,' in brief as follows 

“Welds made with hydrogen-producing electrodes 
absorb hydrogen in the molten metal pool. Some 
escapes When it solidifies and some is retained and 
diffuses from the molten weld metal to adjacent base 
metal which has been austenitized by the heat of weld- 
ing and which in this state has a high capacity for hydro- 
gen absorption. As the weld metal cools, its capacity 
for holding hydrogen in solution diminishes. Thus 
the base metal immediately adjacent to the weld be- 
comes highly charged. The austenite, if rapidly 
cooled, which results from welding heavy structures, 
may retain large amounts of hydrogen. The retained 
austenite may be supersaturated with hydrogen and, 
when the austenite transforms to martensite, cracking 
may occur in the newly formed microstructure. The 
cracking is brought about through (a) the embrittling 
effects of hydrogen in the martensite lattice, (b) the 
dynamic stresses of the austenite-martensite transfor- 
mation superimposed on shrinkage stresses and (ce) 
the high aerostatic pressure of molecular hydrogen in 
microholes.”’ 

Cottrell,? in discussing the effect of hydrogen on 
the mechanical properties of steel, shows the solubility 
of hydrogen in iron and steel and gives a theoretical 
relationship for welds cooling at different rates contain- 
ing a given volume of hydrogen per given weight of 


weld metal. These data are shown in Figs. | and 2 
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Fig. | Effect of temperature on the solubility of hydrogen 
in iron at atmospheric pressure 
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Fig. 2 Theoretical relationships for welds cooling at 
different rates and containing different amounts of hydrogen 

Whenever the base metal contains sufficient alloy 
and or carbon to form a martensitic zone adjacent to 
the weld, a preheat of 300 to 500° F is recommended 
to prevent cracking if hyvdrogen-producing electrodes 
are used. In the absence of the superimposed stresses 
due to hydrogen, this hard martensitic zone may be 
produced without cracks with little or no preheat and 
on subsequent tempering at a suitable temperature a 
tough microstructure results. 

A welding process which is applicable to heat- 
treated high-hardenability steels without the use of 
preheat or postheat treatment was needed. This was 
accomplished early in World War II through the use of 
mineral covered austenitic electrodes, Types 310, 307 
and 308 Mo. While the hardest martensitic weld zone 
is developed in the base metal on the first pass, the weld 
metal deposit has the properties of a reasonably high 
vield strength and excellent ductility at practically all 
rates of strain which relieves these stresses sufficiently 
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to prevent cracking. This hard zone formed from the 
first pass is tempered with subsequent weld-meta! 
passes to further reduce the stresses and eliminate 
cracking. 

Results of work done for the Ordnance Corps, 
U.S. Army, through a development contract of ou 
‘ompany with Watertown Arsenal, showed that |! 
in. armor plate weld under high restraint did not develop 
underbead cracking with these austenitic electrodes 
with moisture contents up to approximately 3.00% in 
the coatings. This same armor plate welded with 
ferritic electrodes developed underbead cracking with 
moistures as low as 0.30°¢ in the coatings. 

The austenitic weld metal dissolves the hydrogen 
from the are atmosphere in the molten state and it 
remains in solution as the weld metal cools to ambient 
temperature, whereas the ferritic weld metal rejects 
the hydrogen and enough of it diffuses into the heat- 
affected zone to cause cracking. Unfortunately, we 
have not been able to make hydrogen-free electrodes 
but through improved formulation and manufacturing 
conditions, particularly higher finishing temperature, 
have been able to reduce the moisture content in the 
coatings of commercial low-hydrogen ferritic electrodes 
to below 0.20%. 

Austenitic-weld-metal deposits of these types are 
only around ninety-odd-thousand psi in ultimate 
strength and this, together with their high cost and the 
scarcity of nickel, made it desirable to develop higher- 
tensile ferritic electrodes for welding high-tensile steels 

Thus with the stimulus given through the great need 
of a high-tensile-strength electrode brought on by the 
war, the low-hydrogen-type coating in its present form 
was born in America. Similar type electrodes, but 
with a lower-tensile weld metal, were developed and 
used commercially long before this time, but the war- 
time volume fabrication of difficult-to-weld steels made 
their introduction in this country more favorable than 


during normal times. 


Low-Hydrogen-Type Coatings 

The limitations in magnitude of tensile strength ol 
the weld metal found in the use of conventional coat 
ings are explained adequately by Mathias and Bunk 
Some of these performance deficiencies are: (1) thei 
inability to allow the introduction of reducing type ol 
alloy additions such as silicon, manganese, chromium, 
vanadium, ete., without badly upsetting performance 
characteristics. A heavy loss of these elements results 
and their state of combination in the weld is always 
questionable. (2) Their inability to weld drastically 
air-hardening steels without the formation of underbead 
cracking unless preheated. 

The use of the low-hydrogen coatings on an electrode 
makes it possible to deposit sound weld metal in a 
structural joint higher in carbon content at lower pre- 
heats than the conventional coatings and it also enables 
the deposition of a low-carbon alloy weld metal that 
can be heat treated to a low-carbon tempered martens- 
ite. This type of a structure, as opposed to the higher 
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transformation product (Banite, Sorbite, ete. 


, gives a 
very tough and ductile weld metal. Low-carbon alloy 
steels that can be heat treated above 100,000 psi for 
commercial use have already made their debut and are 
gaining in popularity with many fabricators. 

Electrodes capable of welding these high-tensile, 
heat-treated steels that will give comparable tensile 
strengths and low-temperature impact resistance as 
deposited and stress relieved were needed and are now 
available. High-tensile steel casting uses are increas- 
ing and the need for electrodes for use in their repair is 
growing. Thus, the trend to higher-strength rolled 
and cast steels by the industries increased the need for 
electrodes of comparable strength for use in their 
fabrication and repair. We in the industry feel that 
the design and production of such electrodes have kept 
pace with the alloy steel developments. 


High-Tensile Weld Metal Designed 
for Use with Little or No Preheat 


At the start of World War II, the War Production 
Board in order to conserve strategic materials requested 
the National Research Council to initiate a program to 
develop ferritic electrodes that could replace the austen- 
itic electrodes for the welding of armor. Out of the 
efforts of this program was developed the electrode 
called NRC-2A. This was a_ 1.75% 
0.35°% molybdenum alloy low-hydrogen-type electrode 
with approximately 100,000 psi 
Many tons of this electrode were used without preheat 


manganese, 


tensile strength 
for fabricating armor weldments '/s-in. and less (up 
to '/s-in. thickness), but heavier armor required pre- 
heats of 200° F or more. Without preheat, erratic and 
unpredictable cracking of weld metal and base metal 
occurred. Preheating, however, was impractical for 
many fabricators and very few of these electrodes were 
used for welding heavy armor. The development ot 
this electrode did not reach completion before hostilities 
ended, but the work at Battelle Memorial Institute on 
this NRC-2A electrode indicated that hydrogen in the 
electrode coating was responsible for all the erratic 
results. 

The effect of moisture in coatings of electrodes was 
not fully evaluated until the Navy Department, Bureau 
of Ships, im cooperation with the National Electrical 
Manufacturers Association formed a committee of 
technical personnel from both organizations and ini- 
tiated a program to develop an electrode that would 
deposit, high-vield, notch-tough, ferrous weld metal for 
welding armor steel without preheat. The first elec- 
trode explored by this committee was the NRC-2A 
It was soon shown that the erratic and unpredictable 
properties of the NRC-2A electrode when used without 
preheat were due to variable moisture contents of the 
coating. It was also noted that, even with the mois- 
ture reduced to a very low value (0.2% or less, deter- 
mined at 2400° F) 


Was necessary when making multipass welds in heavy 


a minimum preheat of 200° F 


armor. 
The weld-metal compositions finally developed which 
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Table 1—Mechanical Properties, As- Welded, and Nominal 
Alloy Composition of MIL-230-16 and MIL-260-15 Elec- 
trode Weld Metal 


WIL-230-16 
105 , 000 
95,000 


M1IL-260-16 
Tensile strength, psi 123 ,000 
Yield strength, psi 116,000 
Elongation in 2 in., 25.0 21.0 
Reduction im area, 60.0 55 0 
Impact properties, ft-Ib 
(Charpy V): 
70° F 
10° | 
Chemical analvsis, ‘ 
Carbon 
Manganes« 
Silicon 
Nickel 
Molybdenum 
Vanadium 
Phosphorus 0.018 0 O19 
Sulfur 0 O19 0.018 


met the original objective, namely, 90,000 and 110,000 
psi minimum yield strength, 20°, minimum elongation 
and high notch toughness when used under highly 
restrained conditions with little or no preheat, were 
The details 
applications and 


alloys of nickel-molybdenum-vanadium 
of their development, properties, 
usability of these electrodes are described by Frank 
et al.4 These electrodes are now known and classified 
by AWS-ASTM as E£10015-16 and E12015-16 and by 
the Military Specification MIL-E-986 as Class MIL- 
230-16 and MIL-260-15 


chanical properties and nominal compositions of these, 


Table 1 gives typical me- 


the first successful ferritic electrodes dey eloped for weld- 


ing high-tensile steels without preheat 


Effect of Moisture in the Coatings of 100,000 
and 120,000 Psi Low-Hydrogen Electrodes 


The Navy Department, Bureau of Ships, noting the 
detrimental effect of moisture in the coatings of the 
nickel-molybdenum-vanadium and similar low-hydro- 
ven type electrodes established maximum moisture 
limits permissible in the coatings of electrodes pur- 
chased for military purposes 0.2%) for the 
110,000 grade, 0.4°7 for the 90,000 grade and 0.8°% for 
the 70.000 grade 

Since Navy armor is different from Ordnance armor, 


hamely, 


our company by a contract with Watertown Arsenal, 
sponsored by the Ordnance ¢ orps, U.S. Army, inves- 
tigated (1) the effect of moisture in the coatings of 
\MIIL-E-986B, Types MIL-230-16 and MIL-260-15, 
electrodes on the welding of armor 2) the conditions 


required to restore the electrodes to their original Us- 


ability after they have absorbed a harmful amount of 


moisture and (3) the rates of moisture absorption by the 
coatings at various humidities and temperatures 
Briefly, the test joint Fig. 3) recommended by the 
Ordnance Research Advisory Committee and used by 
this investigation consisted of depositing four weld- 
metal lavers, two on each side, In a double-vee joint, 


9 in. long in the center of L'/»- x 16- x 24-in. long armor 
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Fig. 3. Test joint used in determining the effect of moisture 
in Mil-230-16 and Mil-260-15 electrode coatings 
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Fig. 4 Rates of moisture absorption by coatings of Mil- 
230-16 and Mil-260-15 electrodes and extent of weld- 
metal cracking in armor plate 
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plate, at 150° F preheat and interpass temperature, 
then air cooled to room temperature and X-rayed at 
}, 24, 48 and 72 hr after completion. The weld beads 
were deposited in straight progression from start to 
finish. The root bead required two */i»- x 14-in. elec- 
trodes and the second, third and fourth layers required 
three each. 

The conclusions reached from this investigation are 
shown in Figs. 4 and 5. Moisture in the coatings of 
these low-hydrogen high-tensile electrodes is an impor- 
tant factor in causing failures when used in the fabrica- 
tion of high-tensile steel. In this highly stressed double- 
vee joint, moisture contents above 0.30°% resulted in 
weldment failures due to cracking, primarily in the 
fusion zone. When electrodes with moisture contents 
0.2C¢,, or lower were used, sound weldments were made 
under similarly stressed conditions. Electrodes hav- 
ing moisture contents in the approximate range of 
0.20-0.30% 


ments under these same conditions. 


were borderline in making sound weld- 


Other factors, such as preheat, operator technique, 
surface profile of the weld metal and factors affecting 
the merging or washing up of the weld metal on the side 
walls of the searfed joint, are all important in making 
sound weldments. It was found early in this investi- 
gation that the notch effect at the junction of the weld 
and base metal was a potential crack starter and often 
masked the effect of moisture. 
of the weld metal increased, these variables became more 


As the tensile strength 


important and the masking effect became more pro- 
nounced, Grinding the weld-metal edges of the top 
lavers to a smooth radius or tilting the test plate at an 
&-deg angle downward during welding helped to reduce 
this notch effect of the unfilled four-layer welded joint 
used in this investigation. 

The adverse effects of hydrogen in high and ultra- 
high tensile steels used in the aircraft industries have 
been particularly noted recently on parts that have 
been electroplated and not given a subsequent dehydro- 
genation treatment. The introduction of hydrogen 
into the metal through the electroplating process em- 
brittles the metal and it becomes necessary to dehydro- 
genate these parts by heating 4 to 5 hr at temperatures 
of 400 to 500° F. Thus the control of moisture and 
these other variables were 


necessary to enable the 


further development of higher tensile weld meta! 


Moisture Absorption Properties of 
High-Tensile-Electrode Coatings 


Since moisture inthe coatingsof high-tensile electrodes 
designed for use with little or no preheat is such an 
important factor in causing weldment failure, a study 
of the moisture absorption and redrying characteristics 
of these electrodes was needed to enable their proper 
application, handling and storage. 

Figure 4 shows the rates of moisture absorption ot 
two types (H10016 and E12015) and three brands of 
high-tensile electrodes determined in our laboratory. 
The apparatus and method of making this study are 
described in our paper.® 
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The rates of moisture absorption varied considerably 
among the six different electrodes at the 85°/ relative 
humidity. At 68°, the rates dropped off quite 
noticeably and, at 50°, relative humidity, the rates 
are less than 0.10% in a 180-hr period for all brands 
in both types. 

Figure 5 shows the redrying characteristics of the six 
high-tensile electrodes investigated. The results show 
that 700° F in a well-ventilated oven for approximately 
two hours is ample to lower the moisture to a safe value 
helow 0.2007). Prolonged drying periods at this o1 
even lower temperatures (500-600° F) and a highe: 
temperature for shorter periods may cause the coating 
of some brands to become brittle and crack 

Electrodes stored in open containers at 20°, rela- 
tive humidity require several weeks before harmful 
amounts of moisture are absorbed. At 40° relative 
humidity no moisture absorption will take place over 
an indefinite period. When temperature only is con- 
trolled, 175° F is ample to prevent harmful amounts 
of moisture absorption 

The results of our investigation, then, show that 
electrodes can be reclaimed after they have absorbed a 
harmful amount of moisture, providing the coating is 
not damaged by using temperatures above the recom- 
mended values or at extended drying periods at the 


recommended temperat ure. 


Development of Heat-Treatable 
High-Tensile Electrodes 

There are two general methods of increasing the 
tensile strength of steel or weld metal. One is by increas- 
ing the carbon and/or alloy content without changing 
the thermal or heat-treating conditions, and the other 
is through heat treatment without effecting a composi- 
tion change. This latter method is limited to those 
compositions high enough in carbon and alloys that 
will respond to a heat treatment. 

The heat-treating properties of steel are important 
characteristics that make it such a vital material of 
construction but, as vital as these properties have been 
in its past uses, recent developments and research have 
shown that until only recently there have been unused 
reserved strength in many of the higher-alloy steels 
Thus, by just dropping the tempering temperatures of 
many of these steels, the tensile strength has been in- 
creased without the expected dropin ductility and tough- 
ness that was formerly associated with higher-strength 
steels. The composition of the steel or weld metal 
plays a vital part in obtaining this desired high strength 
with good ductility and toughness, but the fact remains 
that several existing commercial steels and castings 
were discovered that unknowingly contained a suitable 
composition. Thus, through the process of thermal 
treatment of steel suitably alloyed, the field has opened 
up to produce greater possibilities of getting the desired 
properties of high strength combined with good due- 
tility and toughness through wide temperature ranges 


High-Tensile Electrodes for Cast Armor Repair 


The nickel-molybdenum-vanadium alloy combination 


used to obtain the desired properties of the E12015 
MIL-260-15) without preheat proved to be unsatis- 
factory tor some types ol heat treatment When tem- 
pered or stress relieved in the temperature range from 
S00 to 1200° F. the weld metal becomes brittle and loses 
its toughness at low temperature. This temper- 
brittleness phenomenon is generally attributed to pre- 
cipitation ot some kind In this COMposition, a Vana- 
dium carbide precipitation is possibly the most impor- 
tant factor in producing the brittleness 

Where vanadium concentration is kept under approxi- 
mately 0.1007 and molybdenum under approximately 
0.35°7, very little, if any, temper brittleness results. 
Vanadium functions as a good weld-metal grain re- 
finer and Is desirable in the weld metal for use 
in the as-welded condition. In compositions contain- 
ing higher carbon it does not seem to have as detri- 
mental effects in Causing brittleness when Stress relieved 
or drawn in this temperature range as it does when the 
carbon is low (0.10, and unde 

The heat-treating properties of several weld-metal 
compositions deposited with low-hydrogen electrodes 
ire deseritbed in our paper,’ and is recommended to the 
reader desiring more detailed information of this 
subject It suffices to say that with the development of 
the nickel-molybdenum-vanadium type by the Navy- 
NEMA committee parallel development of low-hydro- 
gen weld metal for heat treatment took place 

\gain, the wartime volume fabrication created by 
the Korean emergency stimulated this phase of elec- 
trode development There Was a great need of heat - 
treatable high-tensile electrodes for making repairs 
of cast armor used in the combat equipment and only 
the low-hydrogen covered electrodes were suitable. 

Castings are grouped into three classifications: A, 
Band C. Class A castings require a full heat treat- 
ment (water quenched from above Ac, and tempered 
to the specified hardness) after repair; Class B_re- 
quires stress relieving between 1050-1250° F only; and 
Class C requires no heat treatment after welding. 
Since types MIL-10016 and MIL-12015 were designed 
for use with little or no preheat and or postheat treat- 
ment, they were satisfactory for repairing the Class C 
castings only. The NRC-2A, manganese-molybdenum 
of approximately 100,000 psi in the as-welded condi- 
tion, Was satisfactory for Class A and B castings of the 
lower tensile strength. Two other types of electrodes 
were developed and used quite extensively for Class 
\ and B castings repair; namely a 2! .°> chromium 

> molybdenum, and a manganese-chromium- 
nickel-molybdenum type. The weld-metal mechani- 
cal properties of these three types ol electrodes, iuis- 
welded and stress relieved at 1150° F, are given in 
Table 2 and Fig. 6, which shows the effects of tempering 
on the tensile strength after water quenching from above 
\c,. The tensile strength as shown in Fig. 6 covers a 
range between 100,000—180,000 psi when quenched and 
tempered, which is sufficient to match those of the cast- 
ings used for armor purposes. ‘These compositions are 


by no means all that have been or are being used, but 
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Table 2—Typical Mechanical Properties, As-Welded and 
Stress Relieved, of Three Classes of Low-Hydrogen Elec- 
trodes Used in the Repair of Cast Armor 


Class 1 Class 2 Class 3 
As W elded 
Tensile strength, psi 100, 500 135,000 125,000 
Yield strength, psi SS, 000 120,000 100,000 
Elongation in 2 in., 20.0 20.0 
Reduction in area, 16.0 52.0 60 0 
Impact, ft-lb, Charpy 
Room temperature +O 27 5a 
10° F Is 9 24 
1150° F stress relieved 
Tensile strength, psi 95,000 111,800 112,200 
Yield strength, psi 78,000 99, S00 100, 000 
Elongation in 2 in., 28 0 20.0 22. 0 
Reduction in area, 0 62.0 65 0 
Impact, ft-lb, Charpy 
Room temperature 78 32 V5 
10° F 26 a 31 
Weld-metal analysis, ‘, 
Carbon 0.11 0.12 0.16 
Manganese 1 85 0.71 1.20 
Silicon 44 0.40 0.37 
Chromium 0 59 
Nickel 1.21 
Molybdenum 0 30 0.63 0 29 


they do account for the bulk of those used for this type 
of repair up to the present time. 

The author feels, however, that as further investiga- 
tion is made and experience is obtained, one suitable 
weld-metal composition such as given in Class 3. weld 
metal will be developed that can be used for repairing 
all alloy-steel castings designed for heat treating in the 
range 125,000-180,000 psi regardless of the cast-stee! 


composition, 


High-Tensile Electrodes Designed 
for Aircraft Fabrication 

The aircraft industries have made great progress in 
the last few years in increasing the strength-weight 
ratio of structural steels through modified heat-treat- 
ing processes. Formerly, the philosophy existed in 
the aircraft industry that high strength and hardness 
are always associated with dangerous brittleness. For 
this reason the tempering temperatures were limited 
to 800° F and above which gave tensile strengths in the 
maximum range of 180,000-200,000 psi. 

MIL-E-8697A (ASG) specification was prepared by 
the joint efforts of the aircraft industry, Bureau of 
Aeronautics, and electrode producers to cover the 
requirements of electrode weld metals designed for 
heat treatment in the 125,000-200,000 psi range. 

Mechanical properties and weld-metal compositions 
of four typical commercial electrodes designed and used 
primarily for this service are given in Table 3 and 
Figs. 7 and 8. Weld metals Nos. 1 and 2 are the 
same as Classes 2 and 3 used for cast armor repair. 
Numbers 3 and 4 were designed specifically for the 


aircraft industry. 
Impact strength (Charpy V-notch) quenched and 
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WELD METAL ANALYSIS, % 
200 GLASS! CLASS 2 CLASS 3 
(ON 0.11 0.19 
Mn 1.85 1.05 1.44 
z Si 044 0.68 0.72 
22 2.39 0.74 
pes Ni -- -- 1.37 
« Mo 0.30 0.60 0.37 
2 
SS 5 
180 
‘ 
= Gs 
160 So — 
z 
Ty 
2120 
100 


10 
500 600 700 800 900 1000 1100 1200 1300 
TEMPERING TEMPERATURE, °F 


Fig. 6 Effect of tempering on the tensile strength of weld 
metal of three classes of electrodes used for cast armor 
repair 
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WELD METAL ANALYSIS, % 
NO.2 NO.3 NO.4 
260 Cc 0.104 0.18 0.063 0.201] 
Mn |. 1.60 1.19 1.20 
Si 0.68 048 0.33 0.40 
. 240 Cr 2.40 0.62 3.50 1.21} 
< Ni -- 4) 169 1.78 
g Mo 0.60 0.35 0.80 0.77 
2 
NO.2 | | 
w 
a 
2 
w 
— 


100 | t 


500 600 700 800 900 i000 1100 1200 1300 
TEMPERING TEMPERATURE, °F 

Fig. 7 Effect of tempering on the all-weld-metal tensile 

strength of four commercial heat-treatable high-tensile 

electrodes used in aircraft construction 


tempered at 950 and 850° F for weld metals Nos. 2 
and 3, respectively, are given in Figs. 9 and 10. 

The difference in tensile strengths of these four weld- 
metal compositions varied from a low of 147,000 psi 
to a high of 195,000 psi quenched in oil from 1575° F 
and tempered at 800° F. 
test bar using SAE 4340 base metal these strengths 
ranged from 172,000 to 200,000 psi. This difference 
in tensile strength between the all-weld and transverse 


In the transverse tensile 
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BASE & WELD METAL ANALYSES, °%/o 

NO.3 NO.4 
0.063 2! 

1.19 1.56 
0.33 0.76 
3.50 1.20 
1.69 1.72 
0.80 0.77 
0.24 0.18 
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-SAE4340 STEE 


TRANSVERSE TENSILE STRENGTH, 1000 LBS. PER SQ IN. 


700 800 900 1000 100 1200 1300 
TEMPERING TEMPERATURE, °F 

Fig. 8 Effect of tempering on the transverse tensile 

strength of weldments made with four typical commercial 

electrodes and SAE 4340 base metal 
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“WG “$0 -25 25 50 75 
TESTING TEMPERATURE, °F 

Fig. 9 Impact strength of weld metal of No. 2 electrode. 

Oil quenched from 1550° F and tempered at 950° F for 


12 hr. Tensile strength—130,000 psi 


test bars is due to the dilution effect of the base metal, 
i.e., the weld metal picks up carbon from the base metal 
to increase its tensile strength. Since much of the 
structural materials going into aircraft is light gage 
steel, the dilution effect has been used to a great extent 
and electrodes of a much lower tensile than the base 


metal have been used with good results. 
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Table 3—Mechanical Properties and Weld-Metal Analysis of Four Typical Commercial Electrodes Used for the Aircraft Industry MIL-E-8697A(ASG) 
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Fig. 10 Impact strength of weld metal of No. 4 electrode. 
Oil quenched from 1550° F and tempered at 850° F for 
12 hr. Tensile strength—175,000 psi 


Another heat-treatable weld metal used 


quite extensively for aircraft fabrication is the standard 


type ol 


Type 502 (4-66, chromium 0.5°, molybdenum) with 
0.100% maximum carbon. “The excellent heat-treating 
properties of the weld metal and the ease of applica- 
tion, together with its ready availability, are some ot 
the reasons this type electrode was one of the first to 
be used for welding high-tensile steels that were to be 
It requires a 600° F 


interpass temperature, generally 


subsequently heat treated. mini- 


mum preheat and 


followed with a heat treatment after welding and 


It requires a relatively high tempering 
temperature (SOO -1000 
ity and toughness; 


before cooling. 
I’) to develop sufficient ductil- 
the 
strength that can be developed is around 190,000 psi. 


Ultra-High-Strength Weld Metal 


The development of ultra-high-strength steels for 


therefore, maximum tensile 


the aircraft industries has made rapid strides forward 
in the recent years and it is perhaps now on the thres- 
hold of its greatest advances since the beginning of 
supersonic speed of travel. 

As a result of this great activity, three rather sharply 
defined ultra-high-strength brackets are in use today, 
namely: 220,000-240,000 240,000-260,000 psi 
and 260,000-280,000 psi, and at least ten other steels 


are under investigation with tensile strengths varying 
between 280,000 to 340,000 psi. 

As far as we have been able to learn, there have been 
no other reports of research or developments published 
on electric-arc-welding electrodes for the welding of 
Of 


production, the use of resistance and pressure welding 


these ultra-high-strength steels. those steels in 
techniques are being used in fabrication. 

In August 1954 our laboratory undertook a contract 
with the Bureau of Aeronautics, Airborne Equipment 
Division, Materials Branch (AE-415) to develop covered 
are-welding electrodes capable of matching the tensile 
strength of these  ultra-high-strength Our 
paper’? “Ultra-High-Strength Weld Metal with Low- 
Hydrogen Electrodes” contains some part of the results 


steels. 


given in our final report to the Bureau of Aeronautics 
of this investigation together with data obtained since 
that time. Six different types of weld-metal composi- 
tion were developed to match the properties of these 
ultra-high-strength steels now in use and those under 
investigation. The results were obtained over a three- 
vear period during which approximately 150 weld meta! 
compositions were investigated. They were classified 
into the six types according to the similarity of chemical] 
composition to the ultra-high-streneth steels for which 
Table 


metal Compositions and mechanical properties of these 


they were developed. ! gives typical weld- 
types. 

The weldability of all six types is very similar anl 
typical of the low-hydrogen iron-powder types with a 
globular metal-are transfer. They have an easy slag 
removal, smooth bead appearance and a good operato! 
appeal because of their steady, smooth are characteris- 
tics, 

The basic coating composition used in the formula- 
tion of these electrodes enabled us to match practically 
any alloy-steel composition with weld metal, and the 
properties after heat treatment were similar to those of 
the steel it matched. 

Several variations of titania- and lime-type coating 
compositions were used in these developments and to 
point out the differences is beyond the scope of this 
paper. It suffices to say that both types with many 
variations between have been and are being used suc- 
cessfully. The author does feel, however, that briet 
mention of the use of sponge iron powder in the coat- 
ings should be included, due to the inereasing pop- 


Table 4—Typical Analysis, Tensile Strength and Elongation of the Six Types of Ultra-High-Strength Weld Metals Heat Treated 
for Service Application 


Tensile Elonga- 

Chemical analysis, ©; strength, lion in 

Type Vn Si Vi Mo pst I in., ‘ 
A 0. 26 1.30 0.80 3.0 1.70 1.20 255, 000 10.0 

B 0.30 1.00 0.60 3.0 1.80 0.80 0.2 260,000 9.0 

0.34 0.94 0.70 0.80 1.90 0.40 280,000 6.0 

ID 0.40 0.92 0.85 0.75 0.35 280,000 10.0 

bk 0.35 0.84 1.62 0.75 1 60 0.35 275,000 10.0 

0.40 0.69 0.94 5.0 1.30 0.5 268 , 000 9.0 
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Table 5—Grain Size and the Effect of Tempering on the Bending Properties, All-Weld-Metal Tensile Strength and Hardness 
of Five Types of Ultra-High-Strength Weld Metals (4340 Steel Used as Base Metal) 


1 //-we ld 
ASTM Transve ree he nding prope rties nie tal 
std. Tempering Anale tensile Rockwell 
Electrode Formula grain temperature, of bend, Location of strength c 
type no. Size 4 deq fracture* pst hardness 
At BA75 1—7 500 38 W.M.* 250,000 iS 
900 30 F.Z 225 , 000 16 
1100 180 No fracture 152,000 32 
Ct BAYI 150 2 W.M 270,000 51 
700 5 F.Z 220,000 16 
S00 0) W.M 206 , 000 14 
900 W.M 185,000 39 
1000 180 No fracture 160,000 34 
Dt BALIDS ” 150 ISO) No fracture 275,000 53 
600 30 W.M 225,000 17 
S00 180 No fracture 200 , O00 13 
Et BAL20 150 FZ 287 54 
7O0 50 B.M. i 245,000 18 
H.A.Z 
900 No fracture 208 O00 1! 
F§ BAL27 1125 266, 000 52 
1175 134 242 000 15 
1200 Flaw in 210,000 
weld 
BAI24 1050 250 , OOO 
1100 236.000 19 
2-5 1050 5 252.500 51 
1100 No fraeture 230.000 18 
13407 ster 10 4 267 O00 52 
TOU 145 220) 16 
180 No fraeture 180.000 39 
* W.M., weld metal; B.M., base metal; F.Z., fusion zone; H.A.Z., heat-affected zone 
t 1550° F, oil quench 
t 1600° F, oi] quench 
§ 1825° F, air quench and longitudinal in place of transverse ben¢ 
ularity of these electrodes in the market today. than the original ones. While fast deposition rates 


Early in the investigation of the Bureau of Aero- 
nauties research contract, this laboratory discovered 
that both the lime- and titania-type coverings could be 
used satisfactorily for alloying the weld metal through 
the coating. As the project progressed and the inter- 
est in the iron-powder additions to the coating in- 
creased, lime-type coatings took preference over the 
titania type. 

Electrode of 
powder for the lower-tensile weld metal proved advan- 


coatings using large quantities iron 
tageous over the conventional type primarily due to 
their increased weld-metal deposition rate. The prin- 
cipal function of the iron powder is to enable higher 
welding amperages to be used and to enable the 
designer to increase the built-in are voltage of the elec- 
trode, both of which increase the weld-metal deposi- 
tion rate. The iron powder, not being a part of the 
welding circuit except in the immediate vicinity of the 
are, cools the weld metal as it melts in the molten puddle 
thus preventing its overheating and attendant diffieul 
Where the alloys are added through the elec- 


trode coatings, they function similarly to that of the 


ties. 


iron powder and thus the basic coatings developed for 
iron-powder low-hydrogen coating were found to be 
more desirable for these ultra-high-strength electrodes 
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do not bave the same importance for the high-tensile 
weld metal as they do in the low-tensile structural weld- 
ing employed in our mass production economy, it is 
still a desirable characteristic of an electrode, providing 
the other properties are not sacrificed to obtain it. 

The following properties were investigated on most 
of the six types of weld metal: Transverse and all- 
weld metal tensile and yield strengths, ductility, hard- 
hess, bending properties, toughness “as measured by 
the Charpy V-notch impact, Jominy hardness, grain 
size determination, and the Lehigh restraint cracking 


Most of them 


tempered over a wide range of temperature 


tests. were made on the weld metal 


Types C and D weld metal seemed to have the best 


properties at the ultra-high-strength level tempered in 
the 400-500 
5CO-700° F range, Type E in the 600-800 
F at 1050-1200 


Table 5 gives the grain size and the results of tem- 


F range, Types A and B were best in the 
and Type 
at F tempering range 
pering on the weld-metal tensile strength, hardness and 
bending properties 

The angles of bend for the transverse welds of types 
\, C, D and E, using 4340 base metal and the longitu- 
dinal bend of Type F, 
26 to 180 deg at the recommended tempering tempera- 


varied between approximately 


Lecture GOS7 


ies 


TYPE D 
450°F TEMPER 


TYPE F 


TEMPER 
1IO50°F TEMPER 


Fig. 11 


tures. Figure 11 shows the transverse bending angles 
obtained on Types A, C, D and E at their upper and 
lower tempering temperatures using 4340 base metal and 
Type F longitudinal bends at two tempering tempera- 
tures. Longitudinal bends were made on Type F weld 
metal because its tensile strength was so much greater 
than 4340 steel at these high tempering temperatures 
(1050 -1200° F) that all the bending of the transverse 
weldment took place in the base metal or fusion zone 
and none in the weld itself. 

All the bending tests were made using a standard 
guided-bend jig with a * y-in. mandrel making a bend 
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TYPE A 


<—1100 °F TEMPER 
600°F TEMPER 


TYPE C 


1000 °F TEMPER 
450.°F TEMPER 


TYPE E 


900 °F TEMPER 
700 °F TEMPER 


Guided-bend tests of ultra-high-tensile weld metals at indicated tempering temperatures—bend radius 2T 


radius of 2T. Had a 1' gin. mandrel (bend radius of 
3.3T) been used as permitted by the pressure-vesse] 
codes for high-tensile steels, greater bending angles 
would have been obtained, particularly with those that 
broke in the fusion or heat-affected zone. 

Better ductility on many of these specimens could 
have been obtained with a more elaborate heat-treat- 
ing process, such as longer and ‘or more cycles of tem- 
pering, but the data obtained suffices to show the feasi- 
bility of using these electrodes under service conditions. 

The surface hardness as measured by the Jominy 
method (Fig. 12) was greatest for Type E and lowest 
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WELD METAL ANALYSIS, % 
Mn | Si Cr | Ni_ | Mo S 
1.3610.86] 2.95 | 1.68] 1.24 |0.018 
0.94 10.8810.74| - 10.3410.007 
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Fig. 12 Jominy hardenability tests of four experimental 
ultra-high-strength electrode weld metals 
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Fig. 13 Effect of tempering on the tensile strength, yield 
strength, elongation and hardness of BA75 weld metal and 
4340 steel 


for types A and B where the carbon content was the 
lowest. At depths */y-in. and greater the hardness of 
types A and B fell well within the H-bands of 4340 steel 
Type F weld metal was not measured. 

Figures 13, 14, 15 and 16 show the effect of tempering 
on the tensile strengths and ductility of Types A, C, D 
and E, respectively. The curves of Types C, D and 
E show a proportional decrease of tensile strength 


BASE & WELD METAL ANALYSES, % 

[Mn | [Ni | P 
10.41 10.88 '0 0.30 0,023) 0.018 
0.23| 1.07 0.70 1.2! |2.13 |0.55|0.006|0.019 
0.34/0.94 AC 
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Fig. 14 Effect of tempering on the transverse tensile 
strength and elongation of weldments made with BA90O 

and BA91 electrodes in 4340 steel 
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Fig. 15 Effect of tempering on the transverse tensile 
strength, elongation and impact strength of BAIO5 weld 
metal used with 4340 base meta! 


with increased tempering temperature comparable to 
1340 steel, where with Type A the tensile strength 
decreases only slightly with increasing tempering tem- 
perature up to approximately 900° F. Above 900° I 
the tensile strength falls off proportionally with increas- 
ing tempering temperature. The ultimate tensile 
strength values with elongations 6.0° and above among 
the six different types varied between approximately 
250,000 psi for Type A to 300,000 psi for Ty pe 1) The 
elongation varied between 6.0 to 15.0% 

Table 6 gives the effect of tempering and testing tem- 
peratures on the Charpy V-notch impact strength of 
these ultra-high-strength weld metals. The impact 
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Fig. 16 Effect of tempering on the all-weld-metal tensile 
strength and elongation of BA] 20 and 4340 steel 


values for Types C and D weld metal with the recom 
mended 450° F temper was 16.0 ft-lb at room tempera 
ture and 13.0 and 8.0 ft-lb at —40° F. For Type A 
at 600° F temper it was 14.6 ft-lb at room temperature 
and 11.4 ft-lb at —40° F; Type E at 800° F temper was 
17.0 ft-lb at room temperature and 12.0 ft-lb at —40° F; 
and for Type F at 1125° F temper 12.0 ft-lb at room 
temperature and 8.0 ft-lb at —40° F temperature. 
Table 7 gives the results of the Lehigh restraint 


‘ 


-High-Strength Weld-Metal Compositions Typical of Each Type Studied in This Investigation 


cracking tests and Fig. 17 shows a typical crack started 
in the root which did not propagate up through the weld 
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The final proof of their practical worth as a tool and 
material for construction must be demonstrated under 
serviceable conditions. Since the cracking tendency 
of the weldment made under high restraint is the great- 
est problem generally encountered with the welding of 
high-carbon alloy metal, the results of the Lehigh 
restraint test should be an indicator of what can be 
expected in service application. 

These results follow very much in line with our expe- 
rience in making the various test bars throughout this 
investigation. Types A and B would sometime crack if 
allowed to cool to room temperature after welding be 


communication from Boeing Aircraft Co 


4340 PLATE 
INSERT 


Tempering 
tem pera- 


WELD 
TEST WELD 


Formula 


Table 6—V-Notch Charpy Impact Properties of 4340 Steel and Five Ultra 


1340 stee! 
* Data received through private 


Fig. 17 Crack in Lehigh restraint test of Type A weld 
metal (6 in. restraint) 
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Table 7—Lehigh Restraint Cracking Tests on Five Types of Ultra-High-Strength Weld Metal Using 1-In. Thick Test Specimen 


Preheat Contraction across 
fem pe a weld ) Cracking resulls up to 24 hr afte le posit eld hea 
no } exstraint estraint! estraint 
\ BA75 150 0 O12 Small eracl Small crack approximately in 
root did not propagate 
throug}! eld 
150 Cracked Started to open up as its tempera- 
ture dropped from 500 to 400° F 
( 150 0 012 None 
150 0 005 Nome 
1) BAIO5 100 0 005 Nom 
200 Cracked ed vhile ooling to 
250 O14 None 
250 ( icked N weld 
ng | ngth of 
veld during 
BAIL 150 0.010 None 
150 0 O05 None 
BA1L20 150 0 008 None 
150 0 O04 None 
BA127 700 Cracked Cracked whi voled to 
‘ 
BAI28 700 Cracked ( ed wl im ooled to 
} 
* Restraint is indicated in terms of the uncut width of the specimen 
fore subsequent heat treatment This behavior is indi- or annealing Type I always cracked I yardless of 
cated by the cracking of both the 6-in. and 8-in. restraint the weld restraint if allowed to cool to room tempera- 
specimens as they cooled back to room temperature ture after welding and before heat treatment but did 
The 6-in. restraint specimen only eracked a short dis- not crack if stress relieved or annealed betore cooling 
tance at the root however and could not be seen until Types C, D and FE did not erack with a 450° F preheat 
the weld was cross sectioned This indicates that on cooling back to room ten perature altet welding ith 
cracking can certainly be prevented if the weldment is either specimen \ 600° F preheat and interpass tem- 
not allowed to cool after welding before stress relieving perature 1s recommended for Type s \ and B followed 


Table 8—Welding Conditions and Heat Treatment Used for the Six Types of Experimental Ultra-High-Strength Weld Metals 
Studied in This Investigation 


Transverse weldments made wit! -in. thick 4340 base metal 
\ll-weld metal specimens made with -in. thick ASTM A7, A85 base 


metal with the searfed edges buttered with in. thick weld meta 


Prehea 
Vo Quench 
pera fempera femipera annealing 

\ and B, Mn-Cr- 140 600 1600 1550 1300-1350 Weldments were not allowed to 
Ni-Mo and Mn 185 600 1600 1550 1300-1350 cool below preheat and inter- 
Cr-Ni-Mo-\ 240 600 1600 miss temp ture betore nor- 

(’, Cr-Ni-Mo ; 140 150 1600 1550 1275-1300 Weldments allowed to cool to 
ISS 150 1600 1550 1275-1300 oom temperature betore nor- 

40 150 1600 1550 1275-1300 ing 
1). Cr-Mo 5 140 150) 1600 1550 1250-1275 Weldments allowed to cool to 
ISD 10 1550 1250 975 room temperature betore nor 

240 150 1600 1550 1250-1275 malizing 
ki, Si-Ni-Cr-Mo 140 150 1700 1600 1275-1300 Weldments allowed to cool to 
85 150 1700 1600 1275-1300 room temperature before not 

240 150 1700 1600 1275-1300 malizing 
F, Cr-Mo-\ 140 TOO IS25t 1550 eool Weldments iunnealed 
ISDS 700 IS257 it 5O immediat: ter welding 
240 700 IRQ5t hr to vithout dropping below 700 

| 


ed immediately after welding 
+ Air quenched All other test specimens quen ‘hed in oil 


No normalizing treatment. Weldments process anne: 
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by a stress relieving or process-annealing heat treat- 
ment and a 700° F min preheat followed by stress reliev- 
ing or process-annealing heat treatment for Type F. 

Thus these data indicate that these three Types, C, 
1) and EK, would be more foolproof and less troublesome 
in production than Types A, B and F because of their 
less cracking tendency. 

Further work is desirable to determine the minimum 
level of restraint to develop cracks but the work done so 
far indicates that all six types can be used under serv- 
ice conditions if recommended preheats, interpass 
temperature and postheat treatments as given in Table 
§ are followed out. 

It is difficult on the basis of the tests made to select 
any one of these types as the best. An understanding 
of the properties desired must first be obtained and then 
a more intelligent selection can be made. Each type 
made has an application suitable for the particular 
service required. 

The results show, however, that practically all the 
ultra-high-strength steel compositions can be matched 
with weld metal. Furthermore, it is believed that 
enough data have been obtained to show that it is pos- 
sible to use these electrodes under service conditions to 


fabricate these steels 


Summary 


1. Weld metal above 100,000 psi development com- 
menced with the introduction of low-hydrogen elec- 
trodes during World War II. 

2. Variable moisture contents of the coating caused 
erratic and unpredictable results with the first high- 
tensile lime-ferritic commercial electrodes. 

3. Moisture controls in the coating of low-hydrogen 
electrodes purchased for military purposes were first 
established by the Navy Department, Bureau of Ships, 
as a result of the Navy-NEMA Committee work in the 
development of the nickel-molybdenum-vanadium high- 
tensile electrodes MIL-230-16 and MIL-260-15. 

1. Results of an investigation on the effect of mois- 
ture in the coatings of Types MIL-230-16 and MIL-260- 
15 electrodes on the welding of armor plate 1!/s-in. 
thick showed moisture to be an important factor in 
causing weldment failures. Moisture contents above 
0.30% resulted in weldment failures due to cracking, 
primarily in the fusion zone. When electrodes with 
moisture contents 0.20% or lower were used,sound weld- 
ments were made under similarly stressed conditions. 
Klectrodes having moisture contents in the approxi- 
mate range 0.20-0.30% were borderline in making sound 
weldments under these same conditions. Other fac- 
tors such as preheat, operator technique, surface 
profile of the weld metal, and factors that affect the 
merging or washing up of the weld metal on the side 
walls of the searfed joint are all important in making 
sound weldments using high-tensile electrodes. 

5. Electrodes that have absorbed a harmful amount 
of moisture can be reconditioned for use by using the 
recommended redrying procedure. 

6. The nickel-molybdenum-vanadium electrodes MIL 


692 Smith—1957 Adams Lecture 


260-15 developed for use with little or no preheat were 
found to develop temper brittleness when stress relieved 
or tempered in the range of 900-1200° F. 

7. Development of high-tensile heat-treatable elec- 
trodes for cast armor repair to overcome the temper 
brittleness of the nickel-molybdenum-vanadium types 
resulted in three types primarily, i.e., manganese-molyb- 
denum, chromium-molybdenum, and  manganese- 
chromium-nickel-molybdenum. 

8. Development of high-tensile heat-treatable elec- 
trodes between 125,000-200,000 psi for aircraft fabrica- 
tion resulted in five types primarily, two of the types 
used in cast armor repair, two others of a manganese- 
chromium-nickel-molybdenum-vanadium higher in al- 
loy and tensile strength than those used in cast armor 
repair, and the standard Type 502. 

9. Six different types of ultra-high-strength weld 
metal were developed and their compositions and prop- 
erties including tensile and yield strengths, ductility, 
hardness, transverse and longitudinal bending proper- 
ties, Charpy V-impact, Jominy hardness, grain size, 
and Lehigh restraint cracking tests are given. 

Two types showed best ultra-high-strength proper- 
ties at 400-500° F temper, two at 500-700° F, one from 
600-800° F and one from 1050-1200° F tempering tem- 
peratures. 

Results of the ultra-high-strength weld-metal develop- 
ment show that practically all the compositions of the 
ultra-high-strength steels now in use and those under 
investigation can be matched with weld metal. 
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Fig. 1 Manual oxygen cutting to remove feeder heads from steel casting 


WELDING AND RELATED PROCEDURES 
ENCOUNTERED IN A MODERN STEEL FOUNDRY 


Paper shows contribution being made daily to industrial 


progress by an up-to-date foundry through diverse application 


of welding, its related processes and equipment 


BY SAMUEL W. GEARHART, JR. 


SYNOPSIS. Factors relating te the complementary aspects of 
welding processes and foundry products have been little dis- 
cussed. A great deal of credit for the increased confidence of 
casting users is due to the technological growth of welding. This 
paper shows the interdependence of the welding and the foundry 
industries. The uses of related procedures in the conditioning 
of steel castings are discussed and are illustrated in their applica- 
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tion. Welding processes have been adopted with new emphasis 
in the foundry, for (1) improving casting quality, (2) simplifica- 


tion of casting design through fusion joining processes, and (3) 
incorporation of castings in welded structures. Examples are 
shown, limitations are discussed, and engineering aspects are 


considered, 


Introduction 
Welding is a natural process in the manufacture of 
carbon and low-alloy stee] castings, but little emphasis 
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has been placed on the importance that welding plays 
in the operation of a modern steel foundry. The 
AMERICAN WELDING Sociery, as one of its major con- 
tributions, has promoted and advertised welding’s 
success in the application of fusion joining processes 
to engineered components. This has been largely 
accomplished through the interchange of welding tech- 
nology and experience among society members and 
industry at large. Our efforts here are to show the 
contribution being made daily to industrial progress by 
aun up-to-date foundry through diverse application of 
welding, its related processes and equipment. 

With the ever-increasing confidence of customer and 
supplier, unnecessary and obscure restrictions regard- 
ing the proper repair of castings have been relaxed. 
By overcoming “old-school” defections, foundries have 
been able to concentrate on: (1) processes and tech- 
niques of welding which now assure sound cast prod- 
ucts (repaired by welding); (2) diversification of 
foundry operations; and (3) savings in cost, time and 
materials in the manufacture of products through cast- 
weld and composite structure weldments. As founders, 
first, and welders, second, our needs must be antici- 
pated along the line of new developments in the welding 
industry if founders are to continue to meet the chal- 
lenges of the present day’s highly competitive economy. 


The Challenge—Past, Present and Future 

Exeuses for not using steel castings are time-worn 
and will not be contested here. Castings which were 
formerly treated as weakened structures because of 
repair welds to correct questionable soundness are gain- 
ing acceptance through the open discussion of in- 
herent defects in them and their repair by welding. 
The continued growth of the steel casting industry 
and the emergence of higher quality and lower cost 
products from their production has been met with an 
unremitting clamor for its competition to the fabrica- 


tion shop. As we disclose the wealth of welding op- 


Fig. 2. Machine oxygen cutting to remove feeder heads 
and circular cutting strip 
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portunities and applications encountered in the foundry, 
these claims will be shown unsubstantiated. Know-how 
in the application of welding processes as illustrated 
herein cite for the welding equipment supplier, welding 
engineer and welder, ways in which the foundry has 
contributed to the industrial progress of welding 
The interdependence of the welding and founding in- 
dustries as discussed will be readily apparent to the 
alert. We offer this as food-for-thought to the skeptic 
The latter rise from obscurity from time to time, 
hindering progress as they go. Their passive ap- 
proach to welding problems is familiar to all who want 
to weld. 

The prudent use of fusion joining processes is, in 
part, responsible for increased acceptance of  stee! 
castings. Reliable producers have found that ad- 
vances in foundry processes and requirements are 
closely allied to advances in welding. This use oi 
welding is increasing because of foundry diversifica- 
tion to cast-weld and composite weldment structures. 
Many of you have it within your power to specify the 
use of welding in designs, details and specifications; 
as reliable engineers and producers, you can help in the 
accomplishment of this expansion. Applications of 
welding and its related processes will grow unhindered 
by ingenious approach above and beyond restrictive 
standardization. 


Conditioning of Steel Castings 

In the systematic order of casting conditioning, two 
major cutting processes are used for gate, feeder head 
and pad removal. Essentially, these methods rely on 
oxidation and are broadly identified as oxygen cutting 
and powder cutting. 
Manual Oxygen Cutting 

The oxygen-cutting process is incorporated in both 
manual and fully automatic setup. Manually-operated 
oxyacetylene cutting torches (Fig. 1) permit maximum 
freedom for the oxygen cutter. His approach to the 


Fig. 3 Manual powder-oxygen cutting to remove large 
feeder heads 
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job is limited only in so far as his safety and comfort 
are assured. Handling of castings is reduced to a mini- 
mum by selective positioning once the casting has been 
brought to the cutting floor. As major protuberances 
are removed, the operator finds the cutting tip equally 
adaptable for removing fins and other unwanted pro- 
jections. The oxygen cutters work to layout lines and 
have the ability to follow very closely casting contour. 
Where burnt-on molding sand or core sand is en- 
countered, the flame is frequently diverted and may 
cause pocketing or undercutting. This is the major 
limitation to this equipment. The oxygen lance is 
used to supplement oxygen cutting where large cross- 
sections are required to be cut during feeder-head re- 
moval or scrapping. 
Automatic Oxygen Cutting 

In conjunction with a motor-operated revolving and 
tilting welding table, universal positioning of an oxygen 
cutting torch provides a unique arrangement for special 
work (Fig. 2). The extra set-up time and careful align- 
ment required in these instances is generally off-set by 
a uniformity of cut to close tolerances and with smooth 
drag on the sides of the kerf. This requires little 
chipping or grinding; frequently, only blast cleaning 
is needed to remove adhering slag. This arrangement 
is adaptable to castings with circular heads or for 
removing cutting strips, as illustrated. 
Manual Powder-Oxygen Cutting 

The powder-oxygen cutting process (Fig. 3) in- 
volves metal powder being automatically injected into 
an oxyacetylene flame to increase the flame’s heat 
Application of this 
Next to 


removal of large cross-section feeder heads, great- 


and to speed the cutting action. 
procedure by manual operation is two-fold. 


est appreciation comes from flame washing to remove 
highly refractory molding sand, particularly where it is 
tightly adherent and in areas that would be time con- 
suming and difficult to reach by mechanical methods 


Fig. 4 Carbon-arc-compressed-air cutting to remove cast- 
ing projections 


JuLty 1957 Gearhart, .Jr. 


such as chipping). The limitation in this respect is 
narrow, deeply cored holes which cause flame and 
molten materials to be blasted back on the operator 
and equipment. Flame washing with powder is used 
to @ lesser extent for pad removal, and then only when 
extensive areas on the casting surface are involved. 
In many instances, finishing operations such as 
chipping and grinding are unnecessary because of the 
ability to control cutting action very close to pattern 


contours, 


Oxygen Torch Gouging 

Other uses of hand-operated oxygen cutting equip- 
ment are in removing metal for alterations, as well 
as in maintenance and repair. Using gouging tips on 
the oxyacetylene torch, the unit becomes the primary 
means for gross defect removal in the repair of stee! 
castings. The rapidity and ease with which metal is 
removed from deep cavities is noteworthy. The equip- 
ment has sufficient flexibility to be adaptable to un- 
usual casting configurations and openings. This same 
gouging torch is used for removal of tack welds, and 
for preparation of the underside of first pass deposits 
in double-welded butt-joints 


Carbon-Arc Cutting 

Adaptation of carbon are-compressed air cutting 
techniques has been more recent and has shown many 
advantages. Essentially this is an electrical are- 
melting process whereby molten metal at the carbon 
electrode to casting are is blown away by compressed air 
directed parallel to the electrode by a specially-con- 
structed electrode holder. Carbon-are cutting is used 
particularly for surface conditioning in highly re- 
stricted areas, as in Fig. 4, where contouring and 
filleting are essential in the ultimate design. Pads, 


and other unwanted protuberances are oxygen cut to 


within '/, in. to */g in. of casting finish dimension: 
earbon-are washing to the final requirements is rapid 
with a high rate of metal removal. The completed 
surface is quite smooth, and in many instances carbon- 
are cutting supplants later chipping and grinding op- 
erations. Carbon-arc-compressed air cutting has re- 
back-chipping of the underside of first-pass 
An expanding use 


placed 
welds in double-welded butt joints 
is the application of carbon-are cutting for defect re- 
moval, principally shallow surface cracks and tears 
Here the operator is able to control groove openings 
very closely, eliminating excessive welding. Joint 
openings are produced which require little grinding of 
sides and roots prior to welding. Much larger cavities 
are encountered where chip and grind methods of defect 
removal are used because greater opening is needed to 
properly manipulate the equipment. The competent 
earbon-are cutting operator can observe the removal of 
defects. This progress is not readily apparent when 
mechanical methods, such as chipping, are used 
Grinding, to remove surface disturbed layers of metal. 
and frequent use of magnetic particle inspection, 
usually supplement visual examination in the latter 


instance. Rate of metal removal is incomparable 
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Fig. 5 Stationary machine oxygen cutting of weld joint 
bevels on large strut castings 


Fig. 7 Completed manual shielded-metal-arc weld and 
condition following carbon-arc compressed-air washing 


where high-carbon steel and alloy grades with attendant 
higher hardnesses are encountered. In these instances, 
the ordinary precautions of preheat and postheat are 
relied upon and have successfully eliminated any 
cracking problem from carbon-are cutting these harden- 
able steels. 

Copper-sheathed carbon electrodes, in. and */4 in. 
diameter are used. Carbonization and subsequent 
cracking have been guarded against by familiarization 
of operators on the need for maintaining a full air 
stream while cutting. Thus carbon pickup is held to a 
minimum. 

Oxygen-Cutting Machine 

Stationary oxygen-cutting machine equipment finds 
many uses in the foundry. Its principal use is the 
widely known multiple-torch cutting of both regular 
and irregular shapes for use in machinery-type weld- 
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Fig. 6 Alignment of strut castings for tack welding after 
machine oxygen cutting 


Fig. 8 Semiautomatic submerged-arc welding of ship 
propulsion shaft strut castings 


ments. A unique adaptation of this equipment is 


illustrated in Fig. 5. High quality and accuracy of 
these machine oxygen-cut bevels has eliminated what 
was formerly a very costly handling and machining 
operation on large castings. As shown, little effort is 
required to produce bevels automatically and con- 
trolled to close tolerances of specified groove dimen- 
sions. This assures accurate fitup of mating sections 

the two barrel halves in the parts illustrated. These 
sections are fusion joined to make a ship propulsion- 
shaft strut. Figure 6 shows the accuracy achieved by 
oxygen beveling. The parts are aligned by templets 
and by plumbing. Following tack welding of the parts 
as shown, the castings are positioned for final welding. 


Special Equipment 
The foundry also makes wide use, as is well-known, 
of large size oxyacetylene welding torches and gas-air 
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heating heads. These are used in conjunction with 
pressing and straightening operations, whereby the 
Other- 


wise, reliance is made on flame straightening whereby 


heating is followed by mechanical pressing. 


contraction of locally heated areas on cooling results in 
parts being pulled to the side of application of heat. 

In the foregoing we have illustrated the use of equip- 
ment related to the welding industry as encountered in 
the foundry. Applications, both unusual and widely 
accepted, have been used to demonstrate reliance on 
these methods to assure higher quality cast products at 


lower cost. 


Welding of Steel Castings 

Direct application of joining techniques in the 
modern foundry extends from the repair of the most 
minute surface blemish through major defect removal 
and weld repair of steel castings. Beyond this are 
applications involving joining processes resulting from 
simplification of casting design and foundry practice. 
These are encountered in cast-weld construction and in 
the incorporation of castings with wrought products in 
composite structures. The equipment also fills a 
natural need in the maintenance of buildings and manu- 
facturing facilities. Manual shielded-metal-are, auto- 
matic submerged-are and semiautomatic submerged-arc 
welding are the most frequently used processes. Spe- 
cialized processes of exothermic welding and metallizing 
have been utilized from time to time. 

Adhering closely to the recommendations of the 
AMERICAN WELDING Society, manual welders are 
qualified to minimum standards in flat, vertical and 
horizontal position welding. Welding procedures have 
been developed covering the standard group of analy- 
ses and mechanical property ranges encountered in 
daily casting production. New analyses and metal- 
lurgical factors are considered as these problems arise, 
as are the governing codes and specifications of agencies 
of the Federal Government, other engineering societies 
and customer requirements. Welding operators and 
their procedures are similarly qualified. 

Casting Repair—Search and Weld 

A great deal of time is consumed in the rework of de- 
fective castings. These casting discrepancies are 
peculiar and inherent to the foundry industry. The 
casting repair procedure begins with the selection and 
execution of a search technique. Because of the in- 
creased cost of re-work, technicians are employed who 
are competent in the selection of the inspection method 
and interpretation of results. Customers, through 
cooperative effort, are becoming more specific in their 
quality requirements, are designating highly stressed 
areas, and are detailing special service requirements. 
As you, we are still waiting for the first usable and 
definitive statement regarding the term, “injurious 
defects.” 

Search methods most frequently used are visual in- 
spection, magnetic particle, radiography, trepanning, 
liquid penetrant and pressure tests. Ultrasonic and 


leak tests have not been adopted. Applied con- 
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currently with defect removal by the methods de- 
scribed earlier, complete removal of the defective area is 
assured. We hasten to point out that these methods 
are not only applied as a means toward meeting 
customer requirements, but nondestructive testing has 
become a tool within the foundry to cure and prevent 
high rejects, excessive repair and unnecessary scrapping. 

With complete removal of the defect, selection of the 
repair procedure is fundamental. Welders have been 
proven competent in ordinary classes of electrodes, 
and more recently particular attention has been given 
to the iron-powder low-hydrogen type electrodes. 
These have been adopted for more and more extensive 
use in casting repair procedures where are time is high. 
This follows the inherent characteristics of castings to 
show segregation and to contain higher quantities of 
carbon, for strength, manganese and silicon, for de- 
oxidation. Their effect is minimized and adequate 
welds are assured by the low-hydrogen coating. These 
welds are made with less difficulty and faster than with 
the conventional low-hydrogen electrodes heretofore 
used. Weld test plates and radiographic examination 
of actual repair areas attest to the proficiency of the 
Welders 


have shown favorable response and acceptance. Im- 


welders and adequacy of the deposited metal. 


proved quality of our welds is believed fundamentally 
associated with thisappeal. Retained slag is minimized 
as a condition for weld repairs. Higher deposition 
rate is expected to reflect in cost savings as further 
records are accumulated. 

In so far as possible, castings are positioned for great- 
est deposition of weld metal in the down hand position. 
Larger defects are repaired using semiautomatic sub- 
merged-are processes. Otherwise, manual shielded- 
metal-are welding is used. Preheat and postheat re- 
quirements are strictly adhered to. Major welds are 
made subject to customer approval and may be sue- 
ceeded by the complete heat-treat cycle to develop 
example of a typical 
The inset 


base-metal properties. An 
manually-repaired area is shown in Fig. 7. 
illustrates the condition of the surface after removal of 
weld reinforcement and ripple by carbon-are washing 
Surface grinding is thus reduced to a 
minimum. Manual shielded-metal-are welding, using 
all classes of electrodes, is also used in short welds on 


technique. 


odd shapes, nonrepetitive in nature and on cast-weld 


and composite structures. 


Semiautomatic Submerged-Arc Welding 


In addition to repair welds, the semiautomatic sub- 
merged-are process is adapted to other joining problems. 
tecalling Fig. 6, showing the tack-welded strut castings, 
Fig. 8 illustrates how the semiautomatic submerged- 
are technique, demonstrated by the operator, is used 
to complete this joint. The strut arms are inverted 
and the operator works from a scaffold when welding 
the diametrically opposite groove on the strut barrel. 
This is a repetitive type job, subject to major dimen- 
sional changes from basic design and size. However, 
the welds are of considerable depth and result in much 
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Fig.9 Automatic submerged-arc welding of beam castings 


accumulated footage of deposit as repetitive short 
Manual guiding and simplest fixturing make 
this an ideal condition and application. Irregular 
shapes, too difficult to position under an automatic 


welds. 


head, are also welded by this technique. 
Automatic Submerged-Arc Welding 

Fully automatic submerged-are welding was selected 
Note that 
incomplete penetration joints were required and the U- 


to join the castings shown in Fig. 9, top. 


butt joint was machined, being incorporated in the 
facing operation on the planer. The advantages of 
high-speed, high-quality weld deposit and low labor 
cost are primary considerations. 

Cladding or overlay deposition by the automatic 
submerged-are process in the foundry is shown in Fig. 
10. Here an overlay is being deposited on the bottom 
and spouts of a large matte ladle to prevent erosion. 
Contours of the lip and edges of the spouts are finished 
by manual shielded-metal-are welding, resulting in the 
final condition shown in Fig. 11. 

Exothermic fusion and metallizing are not illustrated, 
since these have been used principally as salvage 
techniques, 


Cast-Weld Design 
A constant challenge to the steel foundryman has 
been the increasing size and complexity of design sig- 
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Fig. 10 Overlay deposition by automatic submerged-arc 
welding on ladle casting 


nifying the improbability of casting. Casting quality 
is made or doomed in the design stage. Hence, we 
view this situation through simplification of casting 
design by an approach to these problems from the cast- 
weld point of view. Adaptation of welds to casting 
designs has been a gradual transition in the foundry 
Nothing so revolutionary has occurred as in all- 
fabrication weldments during the war, when designs 
were necessarily flexible to circumvent material 
We will not detail the advantages or dis- 
advantages of all-cast, cast-weld, composite welded or 
all-fabricated weldments; suffice to say, that there is 
increased recognition of cast-weld design. 


shortages. 


Where considerations of weight, design and cost 
make it practically impossible to produce a piece as a 


single, quality casting; the unit is divided into castable 


segments, and these segments are welded together. 
A well-engineered breakdown of this sort results in 
simplified castings of improved quality which are 
relatively easy to produce. The approach to this 
design requires cooperation between foundry engineers, 
product designers and welding engineers to assure 
everything possible is done for product improvement 
Cast-weld design makes possible the production of 
large structures which would have limited avail- 
ability as single castings because of foundry limitations 
(molding space, melting capacity, handling facilities, 
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Fig. 11 
casting 


Completed overlay on bottom and spouts of ladle 


ete.). Cost reductions are possible to the purchaser 
because of savings realized by the foundry. These 
result from (1) reduced coring, (2) smaller flasks, (3 
less sand handled, (4) reduction of labor in foundry 
and cleaning, (5) higher production rate, (6) improved 
service. It is well known that difficult-to-produce 
castings frequently require absorption of losses by the 
foundry; these become appreciable, considering that 
labor represents nearly 50°, of all operating costs for 
a foundry. 

The simplest application of cast-weld design is the 
elimination of protuberances or appendages, casting 
them separately and welding in place later. Salient 
features of cast-weld design will be apparent from the 
following examples. 

Symmetrical sectioning as shown in Fig. 12 is typical 
of the adaptation of cast-weld structures. This 
rolling mill pinion housing is developed from two sec- 
tions produced from a half pattern. A conventional 
casting would have required a large main body core 
and a full pattern. Note that the weld appears on the 
neutral axis, with ready accessibility to completely 
weld the double-vee butt joint without expensive 
fixtures. The double-bevels are cast and prepared 
for welding by superficial grinding. 

Cast-weld design has transformed the hydraulic 
turbine stay ring section in Fig. 13 into readily castable 
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Fig. 12 Cast-weld rolling mill pinion housing 


Fig. 13 Cast-weld hydraulic turbine stay ring 


components, consisting OF top and bottom half crowns 
and separate vanes. A full casting of this size and 
design requires extreme care during molding and core 
setting to assure a satisfactory casting. ‘Two-part 
cast-weld design, with weld joints at mid-section of the 
vanes, would reduce the amount of welding; however, 
dimensional control and alignment would be difficult 
to maintain by the foundry because of the tendeney 
of the vanes to twist or warp. Separately cast vanes 
permit a great amount of flexibility, with the chance of 
dimensional inaccuracy being considerably diminished. 
As shown, the bevels are cast on the stubs and vanes 
and receive only light grinding in preparation for weld- 
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Fig. 15 Gear case cover composite weldment 


ing. Note that the design permits single-welded 
joints—cored holes in the ends of the vanes and stubs 
materially reducing the weld-metal requirement. Cast- 
ing these stubs to the crown section facilitates setup 
for welding, minimizing the problem of conforming 
vane ends to apron radius, and removes the weld from 
the immediate highly-stressed zone of the fillet. This 
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welding is performed both by manual shielded-metal- 


are process and semiautomatic submerged-are process. 


Positioning in so far as possible on stay ring sections is 
for flat position welding. 
followed which minimize stress build-up and the com- 


Welding sequences are 


pleted unit receives thermal stress relief. 

A full casting of the design depicted in Fig. 14 would 
be notable for its dimensional instability. This ship 
stern frame would undoubtedly have required extensive 
heating and pressing to comply with drawing require- 
ments. With cast-weld design, the natural com- 
ponents were cast separately. The sections were 
aligned and clamped to a strong back. Welding pro- 
ceeded in the double-vee butt joints and no distortion 
was encountered. 

The strut castings of Fig. 6 were treated as cast-weld 
and no unusual foundry problem exists with this type 
For larger-size struts, it has been possible 
Welds in 


either case are full penetration, of considerable cross 


of casting. 


to cast barrels, arms and palms separately. 


section and subject to radiographic acceptance 
Composite Structure Weldments 

There is a wide range of products in which simplified 
casting design has given way to all-fabricated struc- 
tures. Between all-cast construction and all-fabri- 
cated construction is a tremendous void into which 
castings and wrought materials can be combined in 
welded structures. This composite-type fabrication 
will frequently result in lower cost than either of these. 
The vast potential for composite structures ranges 
from incorporation of large quantities of plate and 
structural products with castings as a minor constit- 
uent to the instance where castings are a major portion 
of the design of these parts. These cast and wrought 
products are fusion welded by the methods described 
earlier. 

One of the simplest examples of composite-type weld- 


ments is shown in Fig. 15. In designing these gear 


Fig. 16 Drive housing composite weldment 
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Fig. 14 Cast-weld ship stern frame 


Fig. 17 Pump casing, base and drive housing composite weldment. Cast-weld pump casing 


case covers, it is readily apparent that the castings 
have again been relegated to a position of easily-cast 
components. Joining the two side castings and minor 
appendages to the rolled plate is accomplished by fillet 
welds using the manual shielded-metal-are process 

Figure 16 might very well have been included to show 
the extreme of composite weldments in which the 
casting, a bearing saddle in this case, comprises a 
minor portion of the structure. Full purpose of this 
rather complicated weldment is shown in Fig. 17 Asa 
base and drive housing for a large pump case, this 
weldment has vastly simplified the casting design. Of 
added interest is the fact that there are three vanes 
welded into the casting which marks this as another 
cast-weld application. 

A final example of composite-type structure is the 
ladder head for a suction dredge as shown in Fig. 18 
Note that the shaft support is moderately-thin plate- 
steel fabrication joined to the casting. This would 
have been a very complicated casting. 

Design Considerations 

Now that cast-weld and composite welded structures 
have been illustrated, the approach to their engineering 
design will be considered. First and foremost, ot 
course, is that a design is developed assuring the 
product performs its function in the service intended 
and is manufactured at the lowest possible cost 
Whether new design or modification of an existing 
design, this can be assured only by collaboration of 
designer, welding engineer supplier. Design 
engineers are responsible for determining the require- Fig. 18 Suction dredge ladder head composite weldment 
ments of the product in withstanding static, dynamic 


and impact conditions of loading and special require- assist in the adaptation of castings to the design and in 
ments such as corrosive environment, elevated tempera- the proper selection of material because of the wide 

. analvees availahle service 
ture, low temperature, etc. Foundry technicians can selection of cast-steel analyses available for all service 
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requirements. He is also in a position to recommend 
simplification of design for improved casting quality. 
The welding engineer is necessary for determining the 
location of welds in relation to the sections joined, for 
the selection of the joint design commensurate with 
manufacturing practices and economy, and to detail 
the welding procedure 

Fundamental considerations to be kept in mind by 
all parties to these designs include the following: 

(1) Design casting components utilizing the most 
favorable conditions to assure best quality. Essen- 
tially, this means keeping area to volume ratio low, 
simplifying patterns and eliminating the use of large, 
complicated cores. Thus, reduce complex forms to 
simple castings that can be welded. 

(2) Select material specifications and weld metal 
specifications suitable for the service requirements. 

(3) Follow the steps advocated for good weldment 
design; change sections gradually, avoid re-entrant 
corners. Avoid eccentricity. Eliminate high-restraint 
in localized areas. Avoid over-specification as much 
as oversimplification 

(4) Do not specify excessive welding. 

(5) Use procedures for preparation, fitting and 
joining that will produce weld joints suitable for the 
service intended 

(6) Inspect adequacy of the welded joints. 

A note of suggestion is that the joining of compo- 
nents by cast-weld, composite or all fabrication tech- 
niques requires very close attention to all costs, in- 
cluding material costs, pattern costs, number of units, 
erection layout, jigs and fixtures, machining, direct and 
indirect labor. All facts considered, the instances 
cited herein are typical of welded structures incorporat- 
ing castings found to be cheaper than their single- 


casting counterparts 


Future Requirements 


Transcending the inherent contention between 


Gearhart, Jr. 
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founder and fabricator, the welding industry as a 
whole has obviously profited from the increased utiliza- 
tion of their products and services in the modern 
foundry. To this end, with founders and welders so 
closely related, it is imperative that future technologica! 
improvements in welding equipment, electrodes, pro- 
cedures, ete. should include a full-measure of thought 
to steel castings. Foundries are currently meeting in- 
creasing demands for higher-strength cast materials 
supplying steel castings suitable for special applica- 
tions involving heat, low-temperature, shock, weat 
and corrosion resistance. To weld these materials, 
many suitable electrode materials are available, but 
the future must bring such things as deposited-filler- 
metal chemistry within base-metal specification limits 
and heat-treatable filler metals. The latter should 
respond particularly to quench and temper heat treat- 
ments, 

We have now demonstrated that the available 
equipment for welding and related processes in a 
modern foundry can compare favorably with that of a 
well-equipped weld shop. In addition, large size heet- 
treating furnaces, handling facilities, pressure blast 
cleaning equipment, and straightening presses are 
accessible. Supplementing the experience and know- 


how of casting production with the improvement i: 
product design and casting quality through welding 
and its related procedures has indeed paid dividends 
to both the foundry and welding industries. 
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Typical application of high-frequency resistance welding of steel tubing 


HIGH-FREQUENCY RESISTANCE WELDING 


1 special case of high-frequency 
resistance healing now being used for 
tube and strip welding is covered 


in detail by the author 


BY WALLACE C. RUDD 


Introduction 
High-frequency resistance heating is not a new tech- 
nique but rather one that was lying dormant and now 
has been revived, and found to possess new vigor. 
High-frequency power for induction heating on the 
other hand has had an uninterrupted development 
over the years and today is a standard tool in industry. 
For many years it was known that the resistance of 
Wallace C. Rudd is Vice-President, New Rochelle Tool Corp., New Ro 
chelle N. Y. 


Presented at the Third Annual Midwest Welding Conference, Jan, 30 
1957, Chicago, Ill 


metal to a current passed through it causes a heating 
effect. What was apparently forgotten is the simple 
fact that high-frequeney current can be brought 
directly into the object to be heated by contacts as 
well as by transformer action or induction 

The use of contact methods to bring high-frequency 
current into a piece of work results in several peculiar 
effects, all stemming from the fact that current flows in 
the low-inductance path but not necessarily in the low- 
resistance path. For example, if two contacts are 
placed on a piece of metal approximately 2 in. apart, 
and 60-cycle (low Trequency voltage is applied, what 
happens? Current will flow between the contacts in a 
somewhat uniformly distributed fashion depending upon 
the resistivity of the workpiece 

If high-frequency voltage is applied to these same 
contacts, it is possible to have practically no flow be- 
tween the contacts and yet have a very high percentage 
of the current flow a distance of 40 to 50 in. over a path 
at a considerable distance from the contacts. This 
unexpected effect is achieved by simply making the 
path, through which the current flows, the low-induct- 
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Fig. 2. Heat pattern follows (high-frequency) return con- 
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Fig. 3. High-frequency resistance welding 
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ance path. The low-inductance path is normally the 
path which is closest to the return conductor of the circuit 
and this is the basis for all high-frequency resistance 
heating. The current is permitted to flow through 
the work for a portion of the total circuit; the balance 
of the circuit is composed of a return conductor which 
follows closely (but is not in contact with) the path 
through which the current is desired to flow. 

Figure 1 illustrates this basic principle, in heating a 
ber of steel around the outer three edges. Contact is 
made at two points on one end and the return conductor 
goes around the outer periphery back to the source. 
The current in the work flows in the dotted path, not 
between the contacts. 

Another simple version of this phenomenon is shown 
in Fig. 2. Here two contacts are placed in a sheet of 
metal with the return conductor from one contact 
extending over a much longer path than the distance 
between the contacts. The actual path by the current 
is shown by the heated zone. 

In creating a path of low inductance we are utilizing 
the natural tendency of the current to flow as close as 
possible to the return conductor. In this phenomenon, 
which we might call narcissism (self love), the current 
“loves” to get next to itself and to “hug itself,’’ so to 
speak. This electrical phenomenon has many uses 
which we are applying to industrial processes; for 
example, the hardening of chain saw guide bar edges, 
hardening of shear blades and the annealing of wire. 
Tube and Strip Welding 

This paper deals with a special case of high-frequency 
resistance heating now being used for tube and strip 
welding. 

In conventional tube welding, two roll-type elec- 
trodes are brought into contact with the unwelded seam 
of the tube. Current flows from one electrode to the 
other across the seam, which is heated by resistance, a 
large portion of this resistance being the contact resist- 
ance of the two edges as they are brought together. 

High-frequency resistance welding is fundamentally 
a matter of bringing high-frequency current into the 
tube and causing only the edges to be heated, then 
pressing the two edges together to form a forged-type 
weld. 

In operation (see Fig. 3) the tube is formed in the 
usual way and pressed together from the open seam 
condition by a set of squeeze or weld-pressure rolls. 
Because the tube is pressed together from the open 
state, a small triangle is formed with the weld point as 
the apex and the two edges as the sides. This triangle 
may vary in size according to the diameter and wall 
thickness of the tube and the material being welded. 

Now when high-frequency power is introduced, by 
means of a pair of contacts just in advance of the 
pressure rolls, there will be two current paths (see Fig. 
3). One path is from one contact around the back of 
the tube to the other contact; the second path is from 
one contact along the edges of the tube (being welded) 
then back along the opposite edge of the tube to the 
other contact. 
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These two paths may be considered to be connected 
in parallel; however it should be noted again that 
inductance determines the path of the high-frequency 
current. The lowest inductance path in this case is the 
one between the two side seams of the tube to be welded 
The path around the back of the tube is one of high 
inductance, since inductance is proportional to the 
square of the tube diameter 

The result is that almost all the current flows along 
the two edges of the tube just preceding the weld point, 
and heats these two edges in the gap between the tips 
of the contacts and the weld point. The same current 
that flows in one edge of the tube flows on the opposite 
edge. In effect each side of the tube is the return con- 
ductor for the other side. Thus only the two surfaces 
to be welded are heated. This is a perfect case of high- 
frequency resistance heating. * 

The eurrent used in this type of high-frequency 
resistance welding is in the order of 450,000 eps. At 
this frequency, current flows to a depth of only a few 
thousandths of an inch (in magnetic materials) and 
therefore only the surface of the item is heated. Any 
heating effect under the surface is strictly thermal con- 
duction. In the case of tube welding where the speeds 
are very high there is little time for thermal conduction 
Metallurgically, the material affected is at a minimum 
and in some metals the weld cannot be detected, a 
highly desirable feature. 

Direction of Current Flow 
Different in High Frequency 

There is a fundamental difference between high- 
frequency resistance welding and conventional elec- 
tric resistance welding. This difference is in the 
direction of current flow and yields many advantages 
for the high-frequency method. 

In ordinary (low-frequency) resistance welding the 
current travels from one piece of metal to the other at 
right angles to the weld aris. This means that the heat 
produced in the weld is a function of: the current, the 
surface condition, metal resistivity, pressure of the two 
surfaces and the contact resistance. All these factors 
are variables and cause ‘‘fussiness”’ in the welding opera- 
tion, 

By contrast, in high-frequency resistance welding the 
current flows parallel to the weld axis, and flows along 
the surface of the two pieces being welded before they 
are in contact. Therefore surface condition, pressure 
or other contact resistance factors do not enter into the 
heating effect. The metal being moved toward the 
welding point is already at weld temperature, the pres- 
sure at the weld point squeezes out any molten material 
and bonds the metal together in the plastic range, pro- 
ducing the best type of forged weld. 

In very small diameter tubes the inductance of the 
path around the back of the tube may be low enough 
so that some current flows in this area. This diverts 
current from the weld zone and causes unnecessary 
heating. To overcome this undesirable condition it 
is only necessary to increase the inductance around the 


* The process is covered by patents and patents pending 


tube. This is accomplished by a device called an im- 
peder, which is a water-cooled magnetic core placed 
within the tube underneath the contacts. In some 
cases, magnetic material is used around the exterior of 
the tube. The impeder makes more current available 
for welding and permits greater welding speeds in 
small diameter tubing 
Contact Problem Overcome at High Frequency 
In utilizing high-frequency resistance heating at 
150,000 eps, it was found that the contact problem 1 


i 
bringing 1000-2000 amp into a piece of work was 


negligible as compared with the same arrangement a 
60 eveles or even 10,000 cycles The phenomena which 
overcame these contact problems are responsible for 
the commercial success high-frequency resistance weld- 
ing is achieving. 

Under usual conditions, the electrical engineer is 
skeptical about the practicality of bringing 1000 amp 
into a workpiece with a sliding contact having an area 

«xX ' 4g in. Yet at 450,000 eycles this is an easy 
matter. The underlying reasons which account for 
this are 

| At 450,000 eycles the effective resistance of the 
metal being heated is much higher than at 60 cycles. 
Now the heating effect is a function of the current 
squared multiplied by the resistance. Therefore, if the 
resistance is inereased, the current can be decreased 
accordingly to achieve a given heating rate 

Therefore, to do a particular heating operation at 
150,000 cycles requires only a fraction of the amperage 
used at 60 cycles. Because contact life and area are 
strictly a function of current handled, the less amperes 
used the more simplified the contact design 

2. One of the major negative factors about contacts 
is that they heat, the contact material softens, even 
melts and causes arcing. If contacts are properly 
cooled, much higher currents can be handled without 
undue problems. This has been recognized in the spot- 
welding industry where refrigerants are sometimes 
pumped through spot-welding contacts 

In high-frequency welding, the contacts are cooled by 
an internal stream of high velocity water, extracting the 
heat at the exact point it is being created 

3. All metals, even those freshly cut or cleaned, 
have some degree of oxide coating. This film may 
be infinitestimally thin or, like the scale on hot-rolled 
steel, several thousandths of an inch thick. These 
oxide coatings, with one or two exceptions are, for all 
practical purposes, nonconducting materials and with 
ordinary contacts present a problem. At 60 cycles this 
oxide must be crushed through and physical contact 
made with the basic metal underneath. This condi- 
tion is recognized in the welding industry where 60- 
eyele power at 1 to 3 v and several thousand amperes 
must flow through the electrodes. The oxide coating 
acts as an insulator, prevents heating and a poor weld 
results. 

At 450,000 cycles this oxide coating is no longer a 
barrier but a welcome asset. As an insulator it may 
now be considered as the dielectric of a capacitor where 
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the two plates are (1) the sliding electrode and (2) the 
metal under the oxide coating. Thus with higher fre- 
quency (above 100 kc) and sliding contacts, the current 
is carried into the metal being welded by capacitive 
action and no crushing of the oxide coating is required. 

In welding, for example, hot-rolled steel which has 
not been pickled or sandblasted, the contacts slide on 
top of the scale and carry 1000 (or more) amp into the 
workpiece with no arcing or sparking. 

Because there is no need to crush the oxide coating, 
high-frequency resistance welding is accomplished with 
comparatively slight pressures, allowing thin material 
to be handled without collapse. 


High-Frequency Resistance Strip Welding 

So far we have been referring to high-frequency resist- 
ance welding as it is applied to tube welding. The 
basic principle is the same for strip welding. Figure 7 
is a photograph of a strip mill used for continuous weld- 
ing of zirconium strips 1 in. wide by 0.155 in. thick at 
speeds above 100 fpm. An atmosphere of argon is 
used at the contact and weld zone to prevent oxidation 
of this pyrophoric material. 

Another unusual use of the strip-welding process is 
welding together two different grades of steel. For 
example, welding high-speed steel to high-carbon steel 
for industrial hacksaws and band saws. The teeth 


Fig. 4 High-frequency welding head-transformer leads 
and contacts 
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are cut in the high-speed steel while the lower-cost car- 
bon steel acts as backing. 


Description of Welding Head 

A typical welding head used for high-frequency tube 
or strip welding is shown in Fig. 4. The cylindrica! 
device on top is a high-frequency transformer with an 
input of approximately 3000 kva and 50 kw. Th: 
secondary of this transformer feeds (at about 100 v 
pair of water-cooled copper leads which carry the 
welding current down to the contacts on the bottom 
of the leads. The contacts, in turn, rest on the top ot 
the tube just ahead of the weld-pressure rolls. Thes« 
contacts are water-cooled, water entering through 
“O” ring gaskets from the leads above. Each contact 
block is held with two screws so that replacing the cor- 
tact and repairing is a simple procedure. 

The service life of the contacts varies with the kind 
of metal being welded. With aluminum, the contact 
life extends up to two weeks, equivalent to severa! 
hundred thousand feet of material. On cold-rolled 
steel, at. least 8 hr of operation can be done befor: 
redressing. Contact life is reduced, understandably, 
on hot-rolled steel where the scale is highly abrasive 

The weld head is normally mounted on an adjustabl 
device which allows the contacts to be brought down o1 
the tube just ahead of the squeeze rolls (see Fig. 5 
In some cases where the tube is imperfectly formed, it is 
advantageous to have movable contacts so they can 
follow the uneven contour in the metal as it enters the 
weld-pressure rolls. Figure 6 is a general view of the 
welding section of an aluminum (irrigation) tube mill. 


Adjustment of Power Level 

To adjust the power level of the 300-kva welding 
head, two very simple devices are used. In one case. 
where the forming mill speed is variable, a bar-typ« 
reactor is installed in series with one lead of the weld 
head. Adjustment of the “shorting” bar (Fig. 4 
changes the current flowing in the weld. The bar is 
set, before operation begins, for the approximate powe) 
level desired, the mill speed is then adjusted to produc« 
the required weld. 

A second arrangement (Fig. 7) permits the powe: 
level to be adjusted with “power on.” This powe: 
output control consists of a smaller type series reactor 
without the short-circuiting unit. A copper block with 
an opening is placed in series with one lead of the weld 
head as a series inductance. The inductance of this 
copper block is varied by sliding, in or out, a reactive 
changing device. This type of ‘push-pull’ output 
control can be operated by a servomechanism through 
information relayed from an optical temperature instru- 
ment, continuously examining the weld temperature as 
the metal passes the contacts. 

The power source for this welding is a special high- 
frequency vacuum-tube oscillator with a usual output 
of either 25 or 50 kw at 450 ke. If higher mill speeds ot 
greater wall thickness is specified, larger generators can 
be used. 

In high-speed welding of some materials it is essentia! 
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that the ripple in the envelope of the output radio- 
frequency current be less than that of a conventional 


power supply. This is accomplished by choke and 


capacitor devices in the generator, reducing the 5% 
normal ripple to a negligible value. This eliminates 
the “stitching” effect at the weld. 

Advantages of High-Frequency 

Resistance Welding 

High-frequency resistance welding has a number of 
unportant advantages over conventional methods 
Speeds are extraordinary by comparison; for example, 
aluminum tubing is production welded at 250 fpm 
and steel tube of q in diam has been welded at speeds 
over 400 fpm 

In conventional resistance welding, the contact 
resistance is of prime concern. The proper condition 
of the edge of the workpiece becomes a problem. With 
high-frequency resistance welding, edge condition is 
relatively unimportant; it is only necessary to avoid 
excess oxide on the internal edge, so that no inclusions 
develop in the weld 

Sometimes segregation takes place in steel ingots and 
s transferred to the coils. Where this occurs, welding 
by eonventional means is extremely difficult. This 
condition has no noticeable effeet with high-frequency 
resistance welding 

The heat-affected zone is much less, because high- 
frequency power densities and welding speeds are much 
higher. This results in a superior metallurgical struc- 
ture and tends to give a much more ductile, thorough 
veld. There is no tendency to form internal spatter 
or to create a large internal bead. Frequently the 
internal bead can be made negligible and, without 
nside spatter, cleaning of the tube is not required. 

Maximum utilization of welding power is achieved 
since power only heats the weld zone. There is negli- 
vible heating around the back of the tube 

There is every reason to believe that any material 
that is weldable can be welded by the high-frequency 
process, either as tubing or strip. The metals that have 
heen successfully welded to date include: Aluminum, 
steel (mild, high-carbon, high-speed, stainless), copper, 
brass, silicon bronze, Monel, Inconel, Incaloy and zir- 
conium. 

In some types of aluminum tube, this process is 
competitive with extrusion; but it should be noted that 
tluminum-alloy tubing of high tensile strength is easily 
welded with high-frequency power but is not produced 
by the extrusion process. 

Copper tube and pipe of 100% electrical conductivity 
is being continuously welded at high rates of speed. 
The quality of this product meets or exceeds the speci- 
fications for the best refrigeration grade of pierced and 
drawn tube. 

Another interesting development in copper welding 
is a new type cable being considered for the next trans- 
atlantic telephone cable. High frequency makes it 
possible to weld a copper tube surrounding a steel core 
without heating the steel, a feat never before accom- 
plished. 
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Fig. 5 Aluminum tubing (irrigation) being welded. Note 
contacts near squeeze roll 


Fig. 6 Over-all view of welding section of tube mill (as in 
Fig. 5) 


Fig. 7 Continuous strip welding showing two different 
steels welded together at discharge side of mill 


Versatility and Potential 

The versatility of a high-frequency tube mill is 
demonstrated by its ability to produce different metal 
tubes in a wide variety of sizes with the same weld head. 
If one wished, steel, aluminum and copper could be run 
in the course of a regular shift 

High-frequency resistance welding, by permitting 
higher power densities, greater speeds and superb ver- 
satility, is a recent development. Yet, in a compara- 
tively short time, it has attracted world-wide attention 
not only for its commercial possibilities but for applica- 
tions in the field of nuclear power plants and super- 
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AUTOMATIC OXYGEN CUTTING SPEEDS 


PARTS FABRICATION 


BY J. O. McELLIGOTT AND N. C. BRINK 


At the Henry Manufacturing Co., Inc., Topeka, Kan., 
automatic oxygen-cutting equipment is demonstrating 
its ability to fabricate parts for earth-moving ma- 
chinery, backhoes, tractor-shovels and backfill blades 
faster, better and cheaper than before (Fig. 1). 

Increased production, speed and economy mean sav- 
ings for the company, while durable construction pays 
off in longer life and lower maintenance for users of 
their earth-moving equipment. 

The transverse carriage-type machine (Fig. 3)oxygen 
cuts, automatically, over 350 separate parts out of 
(juided by an electronic tracer, four 
torches simultaneously produce intricate shapes. This 
oxygen cutter not only reduces jig-setting time but 


steel sheets. 


also makes maximum use of steel plate. 

For example, 156 parts for Henry equipment can be 
s-X 72-x 120-in. sheet of steel plate, weigh- 
The economy of the operation is 


cut from a 4 
ing 918 lb (Fig. 2). 
shown by the fact that only 15 lb of serap remain after 
one of these cuttings. 

More and more manufacturers are discovering the 
advantages to be gained by using oxygen-cutting 
machines for speedy, economical parts to produce 
many types of equipment. 


J. O. McElligott and N. C. Brink are associated with Air Reduction Sales 
Co., Kansas City District, Kansas City, Mo 


Fig. | 


Henry hydraulic backhoe with telescopic boom and 
hydraulic tractor shovel, mounted on a standard tractor, 
digging a water line for an air base project 
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Fig. 2 918 lb of 
3/,-in. sheet steel, 
less 156 oxygen- 
cut parts—leaves 
only 15 Ib of 
scrap 


Fig. 3 Transverse carriage-type machine automatically 
oxygen cutting varied shapes from single sheet of metal 
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INERT-GAS METAL-ARC WELDING PREVENTS 
B-52 PRODUCTION DELAY 


When a large crack developed in a 9000-lb aluminum 
platen—needed to produce parts for the giant B-52 
airplane—inert-gas metal-are welding was rushed to 
the rescue. In just 9' » hr, the erack was welded and 
the platen returned to service 

As a result, Fairchild Aireraft Division of Fairchild 
Engine and Airplane Corp., Hagerstown, Md., was 
able to salvage a critical platen used in manufacturing 
assemblies for the B-52-—a bulwark of our country’s 
defense. Welding avoided a six-week delay for a new 
platen to be cast and machined 


ft thick, 


As cast, contains vacuum 


The aluminum platen is approximately 
5 ft wide, and 17 ft long 
and pressure piping, heating units and a water-cooling 
system. Successful welding was especially important 
since these intricate components were exposed by the 
2-in. deep crack, which extended about 23 in. on each 
side of the platen 

The welding operation Wis performed ata current 
setting of 200 amp DCRP, with aluminum rod ! ‘44 in 
diam. Inert argon gas was employed to prevent 
atmospheric contamination of the weld area. 

\fter the crack was chipped to prov ide a groove for 
welding, the platen was preheated to 325° F. All 
welding was done in a vertical position thus speeding 


Based on a story by the Linde Co., New 


Fig. 1 The 2-in. deep crack extended about 23 in. on 
each side of the aluminum platen 
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repair, since alternate welds could be made on each side 
of the platen. To minimize stress buildup and undue 
porosity, each pass Was peened before the next pass 
was made 

With the platen returned to service, the inert-gas 
metal-are welds successfully withstood stresses of 350° 
F heat and subsequent water quenching by the units 


inside the platen 


Fig. 2. Here is a top view of the weld made with inert- 
gas metal-arc welding in only 9!» hr 


Fig. 3. With the crack repaired, the platen is ready to 
produce vital parts for the giant B-52 
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WITH CO, 


Automatic multipass welding of large diameter steel 
pipe with CO, as the shielding gas is another new techni- 
cal success for the gas-shielded metal-are process. 

Twenty-five miles of 12*/s-in. diam pipe with *s-in 
thick wall—for waste tailings from the Taconite Co.’s 
dump area in Aurora, Minn.—shaped up as a majot 
project with one big question: what was the best way 
to join the 40-ft lengths of pipe into 200-ft sections 
(each 200-ft section also required the welding of flanges 
at each end for field connections). 

Demonstrations of four welding processes were 
witnessed by Peter Kiewit Sons’ Co., contractors on the 
job, but the answer came quickly when the gas-shielded 
metal-are process was demonstrated with the automati 
welding head, using CO, as the shielding gas (see Fig. 1). 

Three passes were made on a butt joint with 30-deg 
A guide roller was 
used for aligning the pipe and turning the 40-ft sections 


bevel around the circumference. 


under the welding head and positioner. The positioner 
was incorporated with the welding head for fast posi- 
tioning and for elevating the head as pipe is pulled 
through the welding station. Welding time was 1 min 
per pass or 3 min per weld on both butt welds and 
flanges. 

The welding operation involved the use of A-675, 

w-in. diam wire with 20 cu ft of CO. per weld. Eighty- 
five percent penetration was obtained with 10% re- 


E. A. Quinlan, Don Alrick and A. P. Demmer are associated with the Air 
Reduction Sales Co., Minneapolis District 


Fig. 1 Automatic welding head in position 


Circumferential weld is made in three revolutions. The head is stationary 
Pipe is turned under head. 
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MULTIPASS WELDING OF STEEL PIPE 


BY E. A. QUINLAN, DON ALRICK AND A. P. DEMMER 


Fig. 2. Pipe (40 ft) welded in 200-ft sections, with flanges 
on both ends for field connections 


inforcement, the surface showing minimum of spatte: 
and a uniform bead without undercutting. Strength ot 
the weld was equal to E6012 electrode strength. 


An enclosed welding station or ‘‘house’’ provided 
protection for the equipment and operator for welding 
operations at temperatures below zero- normal weathe: 
conditions encountered in the “iron range’ area during 
Minnesota’s long winters (see Fig. 2). 

Figure 3 shows 200-ft long sections loaded on truck 


dollies. 


Fig. 3 A 200-ft long section pipe loaded on truck dollies, 


spaced 40 ft apart, using a truck with a boom arrangement 
to snake the pipe into position for coupling to flanges 
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NEW BUILDING HAS MILES OF WELDING 
IN UNIQUE EXTERNAL COLUMNS 


BY RUSSELL S. HALE 


The new Inland Steel Co.’s 19-story building in Chicago 
has no internal columns. Each floor, before partition- 
ing, has an unobstructed area of 57 x 175 ft supported 
by 60-ft girders which are attached to external columns 
Fabricated from structural steel and steel plate up to 
3 in. thick, the columns were welded with both the 
semi- and fully-automatic submerged-are welding 
processes. Approximately 30,000 ft of welds are in- 
volved—over five miles! 

The columns vary in size from bottom to top. They 
were shop fabricated in 26-ft lengths, for the most part, 
with some of the heavy bottom sections weighing up 
to 18'/s tons each. Flange thicknesses varied from 
| to 3 in., and webs were from °/s to 1'/5 in. thick 
Note the end section under the welding head in Fig. 1 
When erected the lower portion of the column is the 


outside and is encased in concrete, while the top of the Fig. 1 Arrangement of fully automatic submerged-arc 


column as seen in the picture is the inside or girde1 welding machine for welding large column section 
side. Note also the number of large fillet welds re- 


quired on the column. The number of welds and the The head is adjustable on the end of the boom for 
26-ft normal length of each made it necessary to set final alignment. 
up on a production basis to economically make the total Normally, both edges of the heavy plates were 
150 sections required for the building. beveled to use the minimum amount of weld metal. 
The bulk of the welding was done with a twin-are Where the back side of the weld was inaccessible a 
automatic welding head mounted on a universal ram- single bevel was used. A ®/,-in. flat barstock was used 
type, carriage mounted fixture. The twin-are welder for backing behind the beveled edge to eliminate burn- 
isa submerged-are unit which uses two '/s-in. electrodes through. Runout tabs were used on the ends of the 
operating into one are and is well suited to this job be- columns. An acetylene torch ahead of the are was 
cause it has a deposition rate considerably above that used when plates were unusually cold or damp. Weld- 
which can be obtained with a single wire. The supply ing speeds on the heavier plate were about 7-9 ipm 
of welding current is two 750-amp motor-generators and increased to 30 ipm on the lighter plate. Unfused 


connected in parallel and mounted on the fixture car- 
riage. 

The fixture runs on a 65-ft track at welding speeds 
und at fast travel speeds for alignment and other 
movements. The boom can be rotated on the carriage 
to allow welding on either side of the track 

In setting up for welding, the long track of the fixture 
was used to good advantage by setting up four separate 
column sections, two on each side of the track. This 
provided maximum use of the welder with little or no 
time lost while pieces were moved or replaced. The 
26-ft sections were placed in cradles and positioned 


Russell S. Hale ts District Mngineer, The Lincoln Electric ¢ Cleveland 


Ohio Fig. 2. Straightening large column section atter welding 


1957 Practical Welder and Designer 711 


3 
—_ 
— 


Fig. 3 Semiautomatic submerged-arc welding machine 
mounted on cutting buggy splices slabs for 42-ft column 
sections 


flux was picked up about 5 in. behind the are with a 
vacuum unit mounted on the fixture. The columns 
were allowed to cool between welds. 

Allowing the columns to cool between welds, welding 
as fast as possible, and clamping identical parts back-to- 
back were methods used to minimize warpage. Final 
straightening before machining the ends was accom- 
plished with a heating torch and hydraulic jacks. Figure 
2 illustrates this operation. 


A semiautomatic unit was used on some of the lighter 
sections and to splice plate on some 42-ft sections 
where slabs were unavailable in the required length 
(Fig. 3). 


LARGE STEAM VALVE WELDED 


WITHOUT PREHEAT 


BY H. B. BOTT 


The welding department of The Consolidated Edison 
Co., like that of many other companies, is constantly 
called upon to assemble and repair equipment under 
conditions somewhat less than ideal. 

Many repair jobs must be done overnight: rela- 


H. B. Bott is associated with Mechanical Engineering Section, the Inter- 
national Nickel Co., Inc., New York, N. Y 


Fig. 1 Welder’s view of the problem. It would be impos- 
sible to work inside this valve if it were necessary to preheat 
before welding 
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tively complicated overhaul and maintenance work 
must often be done over a weekend. In addition, 
both types of jobs frequently must be done in the 
field where facilities are limited and working conditions 
difficult. However, in all instances, it is of prime im- 
portance that the machinery be put back in service as 
soon as possible. A broken steam line, valve or a con- 


Fig. 2 Typical local crack that needed repair. Some cracks 
were 10 in. long and 3 in. deep 
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Fig. 3. Interior view of valve body—after welding—but 
not before cleaning. Note close quarters for welder 


denser failure can cause a complete generating system 
to be shut down. 

Because this need for time saving is coupled with that 
of maximum reliability, welding departments of these 
companies must continually seek and adapt new tech- 
niques and equipment to their needs. Thus they 
found most helpful a new type of electrode having 
about 70% nickel, 15°% chromium and 10° iron as its 
major constituent. One of the principal advantages 
of this electrode is that it substantially reduces the 
need for preheating and postheating of many engineer- 
ing alloys. 

Preheating can be a major obstacle in maintenance 
and repair work. For example, equipment of sufficient 
capacity to heat a large valve or turbine housing to 
500 to 600° F is not generally available, and the time 
required to do the heating may keep the unit inoperative 
for several days although the actual welding may only 
take a few hours. Furthermore, some units cannot be 
heated to these temperatures because adjacent or 
integral members would distort, or because it might be 
necessary for the welder to work inside the part while 
making the repair. 


Fig. 4 Interior view of valve after cleaning 


A typical example of how the use of the new nickel- 
chromium-iron electrode has simplified repair operations 
at Con-Edison is represented by the large throttle valve 
shown in Figs. 1 through 4. This housing, which is 
made from carbon-moly steel, was removed from service 
because of a dozen or more cracks in the lower section. 
(As shown in Figs. 1 and 2, some of these cracks were 10 
in. long and 3 in. deep. 

With the new electrodes, the entire job was completed 
in a few hours without any preheating or stress re- 
lieving. Three men worked simultaneously inside the 
valve, the entire operation resembling an assembly 
line. Welds were made in almost every position, 
using cut-down electrodes because of the close quarters. 
Figure 3 shows some welds before cleaning; Fig. 4 
shows the finished job 

All welds were carefully inspected and approved with- 
out delay; however, the fact that the valve has now 
been back in service for several months is perhaps the 
best indication of weld quality. Had it been impossible 
to complete the repair successfully, the company might 
have been faced with waiting more than a year to get 


delivery on a new unit 


subject and authors index. 


additional 62 


York 18, N. Y. 


BOUND VOLUMES OF 1956 JOURNAL NOW AVAILABLE 


Bound Volumes of THe Wetpinc JourNAL for the year 1956 are avail- 
able in black imitation leather covers, together with a comprehensive 
Price $15, including postage. 

This volume, comprising a total of 1296 pages in the JouRNAL and an 
pages in the Welding Research Supplement, represents a 
veritable encyclopedia of information in the welding field. 
ordered through the AMERICAN WELDING Society, 33 W. 39th St., New 


Copies may be 
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By hard surfacing worn cylindrical parts with sub- 
merged-are welding, Great Lakes Welding Co. of 
Detroit, Mich., saves its customers the burdensome 
expense of new equipment. The submerged-arc-weld- 
ing process is proving its hard-surfacing value by 
combining high speed and quality with low cost and 
labor requirements. 

Using a submerged-are welding head, installed on 
each of two lathes, this company quickly surfaces such 
parts as paper mill rolls and blooming mill table rolls. 
These parts would have to be scrapped unless rebuilt 
by hard surfacing. 

One lathe handles parts up to 54 in. diam and 18 ft 
long, while the other takes pieces up to 30 in. diam and 
12 ft long. The lathes are adjustable, permitting 
surfacing of different diameters on a single part. 

Supported on the lathe tool carriage, the welding 
head moves automatically at a set rate, while the worn 
part is rotated by chucks which are driven by the 
headstock. The rotating workpiece is grounded by a 
sliding contact which bears against the outside of the 
chuck. The flux hopper, containing No. 80 flux, and 
the wire reel are positioned above the head. 

Since the controlled operation of the welding head is 
fully mechanized, parts are surfaced with a minimum 
of operator time. Once welding starts, the machine 
continues automatically requiring only occasional! 
attention. Welding speeds vary from 30 to 60 ipm. 
depending upon the thickness of the deposit. 


Based on a story by the Linde Co., New York, N. ¥ 


Fig. 1 This is the first of three passes needed to restore a 
20-in. diam on a spindle for a blooming mill drive. The 
submerged-arc welding head, flux hopper, wire reel and 
welding controls are moved by the lathe tool carriage 
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SURFACING MEANS SAVING 


Fig. 2 One of six passes is being made to deposit a */,-in. 
thickness of stainless steel on a paper mill roll, 3 ft in 
diameter and 13 ft long. After grinding, the hardness of 
the surface will equal that of a new roll 


As the metal is deposited, each weld bead unites with 
the bead next to it as well as with the metal below. If 
required, several layers of metal are deposited until the 
original diameter of the part is restored. By using the 
proper wire, a surface is produced that is actually 
harder than the original part. 

After the metal is deposited, the new surface is 
machined or ground to provide any desired finish. The 
hard-surfaced part is returned to service at a fraction 
of the new-part cost. 


Fig. 3. Here are two paper mill rolls after surfacing. One 
of the two lathes used for submerged-arc hard surfacing is 
shown in the background 
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Magrath Leaves American Welding Society Post 


Joseph G. Magrath recently notified 
the Board of Directors that, concur- 
rently with the ending of his present 
term on May 31, 1957, he would 
resign his post as National Seere- 
tary of the AmMerIcAN WELDING So- 
CIETY. Mr Magrath’s 
which has been received with deep 


resignation 


regret, brings to a close a very success- 
ful term of ten vears as chief executive 
officer of AWS 

Mr. Magrath became best known to 
AWS through his activities with th 
Air Reduction Sales Co. Here, li 
supervised market, process and product 
demand surveys and sales promotion 
work through sales and service engi- 
neering staffs of 26 district 
He collaborated with displays, con- 
ferences and technical! society activities 


offices 


He was concerned with sales-servici 
instruction and 
and gave numerous talks before indus- 
trial executives and engineering society 
groups 

During World War II, while still 
associated with Airco, Mr. Magrath 
was extremely active in the application 
of welding, cutting, brazing and other 
flame-treatment processing of welded 
fabrication in all of the larger ship- 
vards on the East, Gulf and West coasts 
as well as in inland plants and stee! 
mills connected with the war effort 
Prior to assuming his position with 
AWS, he was sales manager of the 
MecAlear Manufacturing Divisions at 
Tulsa, Oklahoma, and Chicago, Illinois. 
of Climax Industries, Inc., subsidiary of 
General Finance Corporation of Chi- 
cago, Illinois. 


promotion meetings 


Mr. Magrath is a registered pro- 
fessional engineer in the state of Tli- 
nois and is a member of the American 
Society for Metals, the Society of 
American Military Engineers and the 
Steam Specialties Club, New York 
He was also active in the New York 
Section of AWS and served for several 
years as its chairman of publicity and 
programs. 
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Joseph G. Magrath 


Upon assuming the office of National 
Secretary of AWS in 1947, Mr. Magrath 
set a high goal for our Society to attain 


a) An activity serving and aiding 


every person, manuiacturer 
user and association in welding: 
b) A membership of 30,000 indi- 
viduals and 1500 companies by 


1965. 


Much progress to this end has been 
made in that between 1947 and 1957 
the Socrery’s membership increased 
70% to 12,580, its Section number 
50% to 82, and its activities threefold, 
including a new and most successful 
exposition. 

“The Secretary,’’ Mr. Magrath stated 
in his letter of resignation, “hereby reg- 
isters his heartfelt appreciation to all 
National and Section officers, SocreTy 
Staff officers and members, 


| users 


welding 


members, 
welding manufacturers, industria 
and organizations who have made pos- 


Socte ty Ve ws 


sible the accomplishments of the past 
decad During his past ten terms he 
has considered his appointments a 
His decision to with- 


draw his candidacy has been announced 


distinct hono1 


with genuine regret. He plans activity 


in other fields.” 


‘‘ Joe, as he is 


friends all over the 


alled by his host of 
ountry, has devoted 
u great deal of time trength and keen 
judgment to the re ponsivbilities placed 


upon him He has been tolerant in his 


effort to meet the various needs of oui 


members and an inspiration to its suc 


ession of officers and committee per- 
sonnel. 

Joe's many friends in AWS wish him 
good luck and happiness in his neu 
actiwity. The 
press their pe rsonal and collective thanks 


Board of Directors ex- 


fora job well done 
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Fred L. Plummer 


As announced in the June issue of 
THe Journat, Fred L. 
Plummer has been appointed national 
secretary of the AmMerIcAN WELDING 
Sociery by the AWS Board of Direc- 
tors. The appointment, which became 
effective on June 1, 1957, has been 
made to fill the vacancy created by the 
resignation of Joseph G. Magrath. 

Mr. Plummer was born in 1900. He 
holds a Bachelor of Arts degree from 
Ohio University, a Bachelor of Science 
degree from Case Institute of Technology 
and a Master of Science degree from 
this same school. He is a registered 
engineer in the states of Ohio, New 
Jersey and New York. Mr. Plummer 
has written two books:  Statically 
Indeterminate Structures and Soil 
Mechanics and Foundations. A_ third 
book, Unfired Pressure Vessels, is now 
in process. He is the author of more 
than thirty articles published in Tue 
Wewpine JourNnaAL and other technical 
magazines. 

Mr. Plummer was an instructor and 
associate professor at Case from 1923 
to 1937, teaching mathematics, civil 
and structural engineering. In addi- 
tion, he lectured at the Cleveland 
School of Architecture and at John 
Huntington Polytechnic Institute. 

In 1928, while on leave from Case, 
Mr. Plummer was in charge of struc- 
tural analysis and design of the world’s 
largest airship dock for Goodyear Zep- 
pelin Corp. at Akron, Ohio, in association 
with Wilbur Watson & Associates, 
consulting engineers and architects. 
He was also responsible for the design 
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of a seven-million dollar steel bridge, 
while associated with Wilbur J. Watson 
and F. R. Walker. 

During his stay at Case, he acted as 
consultant to a number of organiza- 
tions, such as the Truscon Steel Co., 
Republic Steel Co., Dow Chemical Co., 
Lincoln Electric Co., Aluminum Com- 
pany of America, the U. 8S. Army Corps 
of Engineers and others. From 1937 
to 1940, Mr. Plummer was chief design 
engineer of the Main Avenue Bridge 
Projects in Cleveland. The project 
included the main bridge structure 
about one-mile long with complicated 
approach structures. It was necessary 
to wreck partially and remodel many 
buildings, as well as to move and recon- 
struct many sewer and _ utility lines. 
The complete project cost about eight- 
million dollars. 

Since 1940, Mr. Plummer has been 
director of engineering of the Hammond 
Iron Works in Warren, Penna. This 
company fabricates and constructs all 
types of shop- and field-erected steel- 
plate structures and vessels used by the 
chemical, rubber and petroleum indus- 
tries. 

In addition, he was general manager 
of Hammond Latina Americana Con- 
struction Co., operating outside con- 
tinental United States. 

In 1950, Mr. Plummer was a member 
of the Bailey Bridge Mission to Japan. 
He headed a group of engineers and 
project managers sent to Japan by the 
Corps of Engineers, U. 8. Army, fol- 
lowing the outbreak of the Korean War, 
to assist Japanese manufacturers and 
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fabricators of steel in setting up pro- 
cedures and facilities for producing 
necessary special steels and in fabri- 
cating Bailey Bridge parts which would 
be interchangeable with those produced 
in the United States and Great Britain. 

Mr. Plummer returned to Japan in 
April 1956. During this visit, he 
presented a talk before the Japan 
Welding Society, and was awarded an 
Honorary Membership in this group. 
He was the second foreign person to be 
so honored, 

In February, 1953, Mr. Plummer 
received a citation from the Case 
Institute of Technology for “having 
distinguished the college and himself 
through outstanding achievement in 
his chosen field.”’ He received a similar 
citation from Ohio University. 

His AWS activities have been nu- 
merous. He served as chairman of the 
Cleveland Section, 1938-41; Director, 
1941-44; District Vice President, 1948 
50; and National President, 1952-54. 
Mr. Plummer has also served as chair- 
man of the following AWS committees. 
Executive; Constitution and By-Laws; 
Honorary Membership; National Nom- 
inating; Past President, Advisory; 
Welding Handbook; Advisory Com- 
mittee on Member Classes; and Organi- 
zation Structure. In addition, he has 
been active as a member of the following 
committees; Code of Principles Con- 
duct; Headquarters Housing; Reserve 
Funds; Rules for Field Welding Storage 
Tanks; Finance; and AWS-IIW. He 
is also Chairman of the Pressure Vessel 
Research Committee of the Welding 
Research Council. 

Other professional organizations have 
also had the benefit of Mr. Plummer’s 
services. His memberships include: the 
American Society for Engineering Educa- 
tion with whose Civil Engineering Divi- 
sion he served as national chairman in 
1936-37; a past president and trustee of 
the Cleveland Engineering Society; the 
American Society of Civil Engineers: 
the American Society of Mechanical 
Engineers; the American Society for 
for Testing Materials; the American 
Petroleum Institute; the American 
Concrete Institute; the American So- 
ciety for Metals; and the National 
Research Council. Honor societies in- 
clude Sigma Xi; Tau Beta Pi and Phi 
Beta Kappa. 

At the Adams National Meeting in 
Philadelphia, Mr. Plummer 
awarded the Samuel Wylie Miller Me- 
morial Award for ‘outstanding contri- 
butions in the application of welding to 
storage tanks to the advancement of 
engineering technology in the shop and 
field fabrication of welded structures.” 
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8th District Section 
Conference 


The Jowa Section of the AmMert- 
CAN WELDING Socrery will act as 
District 


held 


host to the Sth 


section 


Conference to he July 20 


1957. Registration is scheduled 
for 9:00 A.M. at the Kirkwood 
Hotel in Des Moines, Iowa. En- 
tertainment is planned for the 


ladies plus a dinner-dance to clos 


the one day conference 


National Supply New 
Supporting Company 


The National Supply Co 
St... Toledo, Ohio. 


, 3320 Bishop 


has recently be- 


come & supporting COMpany ot the 
AMERICAN WELDING Society. The au- 
thorization was made by R. H. Etnyre, 


works manager of the companys 


De Laval Separator Co. 
Becomes Sustaining Member 


Pough- 


, manufacturers of equip- 


The De Laval Separator Co., 


keepsie, N 7 


ment for industry, milk plants and 
dairy farms, has become a sustaining 
member of the AMERICAN WELDING 
SoOcIETY 


Industrial equipment consists of cen- 
trifugal separators, clarifiers and con- 
centrators with applications in power, 
chemical processing, fish, food, marine, 
metal, vegetable, 
maceutical fields 

Milk plant equipment deals with milk 
separators, milk clarifiers, pasteurizing 
equipment and butter churns 

Dairy farm equipment features milk- 
ing machines, Combine Milkers, farm 
separators, bulk milk coolers and water 
heaters 

C. R. Purdy is the sustaining member 
representative. 


oil, paper and phar- 


Taylor-Winfield Becomes 
Sustaining Member 


The Taylor-Winfield Corp., 1052 
Mahoning Ave., N. W., Warren, Ohio, 
has assumed 
member of 
Socrery 

A manufacturer of electric-resistance 
and arc-welding equipment, Taylor- 
Winfield Corp.’s 50 years of experience 


sustaining 
AMERICAN WELDING 


status as a 
the 
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design 
the 
ial spot, pro- 


combines researc! applic ation 


and facilities in 


fields of standard and spe 


manulacturing 


jection, seam and flash-butt welders: 


metal gathering machines:  inert-gas 
shielded-are and submerged-are weld- 
ing machines; electronic and electrical 
sequence controls: hvdraulie and pneu- 


matic apparatus; and mechanized work- 


handling equipment and metalworking 


processes associated with welding 
Field sales and service are maintained 
in major cities throughout the United 
States and Canada Sales representa- 


tion is also maintained ove 


rseas 


T. S. Long is the sustaining member 


representative 


Metals Course at Wentworth 


A new metals technology 
will be inaugurated at Wentworth Insti- 
this 
according to an announcement by H 
Russell Beatty, Wentworth president 

The 
duration and will lead to the degree of 
Welding and 
brazing will be included in the curricu- 
lum 


course 


tute Soston oming September, 


new course will be of two-vears’ 


associate in engineering 


Several members of the Boston See- 
them P. | MeKenna, 
AWS, were instrumental in the realiza- 


tion, among 


DESIGN 
PAPERS 


Papers dealing with the prog- 


ress of welding in the field of 


structural design and machine 
design are solicited for the 1958 
AWS National Spring Meeting 
in St. Louis, Mo. For proper con- 
sideration, manuscripts or 500- 
word abstracts, must reach AWS 
Headquarters prior to August 15, 
1957. 


Send all manuscripts or 


abstracts to: 


AMERICAN WELDING 
SOCIETY, 33 W. 39th 
St., New York 18, N. Y. 


tion of the cours 
AWS DIRECTORS-AT-LARGE 
Term Expires 1958 1959 1960 
F. H. Dill J. H. Blankenbuehler J. F. Deffenbaugh 
E. D. Peters G. E. Linnert A. E. Pearson 
J. L. Wilson P. G. Parks C. M. Styer 
R. J. Yarrow F. H. Stevenson R. M. Wilson, Jr. 


AWS DISTRICT DIRECTORS 


District No. 1 *New England Sidney Low 
District No. 2*Middle Eastern D. B. Howard 
District No. 3*North Centra! H. E. Miller 


District No. 4*Southeast E. C. Miller 


District No. 5*East Central H. E. Schultz 


District No. 6*Central Keith Sheren 


District No. 7* West Central A. F. Chouinard 
District No. 8*Midwest F. G. Singleton 
District No. 9*Southwest P. V. Pennybacker 
District No. 10* Western C. L. Breese 


District No. 11 *Northwest C. B. Robinson 


OTHER DIRECTORS 


Honorary Life Director C. A. Adams 


Junior Past-President F. L. Plummer 


Junior Past-President J. H. Humberstone 


Junior Past-President J. J. Chyle 
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NEW ENGLAND GROUP MEETS WITH THEIR DIRECTOR 


At a dinner meeting held on May 28 at ber LS, 1957. this special meeting and its chairman 
the Maridor Restaurant in Framingham, The Boston Section acted as host for Harvey Miller, presided. 
Mass., Sidney Low, Director of District 
No. 1, met with officers representing the 
various sections within his District to 
discuss a number of items of AWS in- 
terest. 
Those present at the meeting re- 
quested that Mr. Low campaign for the 
AWS Annual Convention to be held in 
Boston in 1961. 
Allan Rosenberg of the Boston Section 
reviewed the mechanics of the Northeast 
Regional Welding Conference and of the 
success the Conference enjoyed. Mr. 
Rosenberg expressed the desire of the 
Boston Section to include all seetions of 
Distriet No. 1 to participate in the 
presentation of the 1957 conference. 
Representatives from all sections present 
offered their support to the problem. 
Mr. Rosenberg was then appointed tem- 
porary chairman of the 1957 New Eng- ; ; 
land Regional Conference, Present at a dinner-meeting held on May 28 were, seated left to right, first row: 
It Harry Udin, Sidney Low, Harvey Miller, Allan Rosenberg and Walter Ovaska; 
ee ee eee a Second row: Hugo Stahl, Julius Ritter, William S. Naband, Ralph Gilbert; third 


two representatives from each section 


and which would meet during the forth- row: J. C. Swann, Andrew Kokolski, Herb Turck, R. M. Rood, Cliff Murray and 
coming regional conference on Septem- Helmut Thielsch; and fourth row: Frank Brandt and Bob Worrell 


E AC 


“Welding pipe’ was the principal by several members of the Socrery’s 
theme of the booth, which was manned committee 


Apprentice Training Group 
Furthers Progress of EAC 
by H. A. Sosnin 


The apprentice training subcommit- 
tee of the Educational Activities Com- 
mittee participated in the recent Union- 
Industries Joint Show which was held 
during May 16-21 in Kansas City 

An innovation at the show was the 
appearance of a booth promoting the 
apprentice training program of — the 
United Association of Plumbers and 
Pipefitters. The program was under the 


able direction of Joseph P. Corcoran, 
an active member of the AMERICAN 
WELDING Sociery’s apprentice training 


H. A. Sosnin demonstrating oxyacetylene welding of small diameter pipe for 
tension Training and Apprentice Training, AWS Richard P. Walsh. Mr. Walsh is an apprentice coordinator for the United Asso- 


Edueational Activities Committee associated 


with Tube Turns, Inc., Louisville, Ky ciation of Plumbers and Pipefitters 


718 Society News THe WELDING JOURNAL 


Ae 
t 
a 
| 
» 
pet 
( 
\ 
0 


as reported to Catherine 


ELECTION OF OFFICERS 


Boston, Mass.—-The Boston Section 
announces the election of the following 
officers for the 1957-1958 term: chair- 
man, Harvey 8. Miller, New England 
Hard Facing Co.; Ist vice chairman, 
Walter A. Ovaska, Air Reduction Co.; 
2nd vice-chairman, Harry Udin; See- 
retary, Andrew Kokolski, General Elec- 
tric Co., Welding Sales Div., 150 
Causeway St., Boston 14; treasurer 
Albert R. Barilaro, Interstate Welding 
Supply Corp. 


ANNUAL DINNER DANCE 


Milford, Conn.—On Friday even- 
Ing, May 17, the Bridge port Section 
held its Annual Spring Dinner Dance 
The affair was held at Donat’s 
Town-Ho on the Boston Post Road in 
Milford, Conn. 

There were twenty couples in at- 
tendance. Dinner started at 8:00 
P.M. Ten door prizes were awarded 
to lucky winners. After dinner there 
was dancing. Evervone had an ex- 
cellent time. 

Past-Chairman Edward A. Staiano 
was honored with a past chairman’s 
pin. The new slate of officers was 
announced as follows: chairman, Leo 
Lefkovitch; vice-chairman, Joseph 
Barker; program chairman, Robert 
Hirsch; secretary, Robert R. Monde; 
treasurer, Romeo A. Lalli; member- 
ship chairman, Raymond Moore; 
technical chairman, Joseph R. Skibo. 


EXECUTIVES’ NIGHT 
Raleigh, N. C.—The monthly meet- 


ing of the newly formed Carolina Sec- 
tion was held on April 29 at Scandia 
Village Restaurant in Raleigh. This 
meeting was planned to bring together 
officials of state, government and 
plant management with the members 
of the Society; to promote a closer 
affiliation and understanding of each 
other’s problems, how each can benefit 
by association, exchange of ideas to 
increase present industries and attract 
new industries to the State of North 
Carolina. 

District Director Donald B. How- 
ard, who is staff metallurgist for the 
American Car and Foundry Di- 
vision, gave a talk on the advantages 
ot membership in the Socirry for the 


1957 


O'Leary 


DIGNITARIES ATTEND MEETING OF CAROLINA SECTION 


Among those attending the April 29 meeting of the Carolina Section were, left to 
right: Donald B. Howard, director of District No. 2; Hon. Fred Wheeler, Mayor of 
Raleigh; Secretary of State Thad Eure, and Ralph Cope, Section chairman 


individual and the employer, through 
publications and opportunities of shar- 
ing ideas with friends and competitors 
which increases production and re- 
duces research time and costs. He 
also pointed out that membership 
in the Socrery has risen from 217 in 
1919 to 12,000 in 1956. 

Other speakers included Secretary 
of State, Thad Eure, who told the 
group that North Carolina was one of 
five states showing increases in busi- 
ness incorporations during January 
and February. G. F. Albright, head 
of the small industries section of the 
Department of Conservation and De- 
velopment, led a group discussion, 
with emphasis being placed on how 
the welders can materially assist in 
helping promote the industrial de- 
velopment of the State. Another 
special guest was Fred B. Wheeler, 
Mayor of Raleigh. 


WELDING PROCESSES 


Chicago, Ill.—The Chicago Section 
paid honor to the outgoing AWS pres- 
ident by designating the April 21 
meeting as Jack Chyle Night. 

Mr. Chyle gave a brief talk on the 
current activities and aecomplish- 
ments of National Headquarters. 

Due to the sudden death of Lew 
Gilbert, who was scheduled to speak 


Section News and Events 


a fine job of pinch hitting was done by 
O. T. Barnett @S9, of the Armour Re- 
search Foundation, in a_ talk on 
“Welding Processes.’ 

A pre-meeting movie, “1956 Golf 
Outing,” was enjoyed by all since 
many members had an opportunity 
to see themselves on the screen. 

Eighty diners were present for din- 
ner at Milner’s Restaurant; after 
which 125 members and guests met 
at the Peoples Gas, Light & Coke Co. 
Auditorium for the meeting. 


WELDING PROCESSES 


Denver, Colo.—Twenty members 
of the Colorado Section were present 
at a dinner meeting held in the Fes- 
tival Room of the Oxford Hotel in 
Denver on May 14. Harry Huff 
AW), a welding specialist with the Ai 
Reduction Sales Co., addressed the 
group on the subject of “General 
Welding Processes.’ His talk was 
very practical and instructive and 
was accompanied by slides. A very 
competent job on the slide projector 
was done by C. E. Reissig, a local 
Section member. 


MAGNETIC-FLUX WELDER 


Dayton, Ohio—The May 14 meet- 
ing of the Dayton Section was held at 
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Price Brothers Co. 

The meeting was opened with a 
film entitled “Automatic Assembly 
Machines for Printed Electronic Cir- 
cuits’ and was shown through the 
courtesy ot the United Shoe Machin- 
ery Corp 

The film was followed by a short 
discussion on the use and theory ol 
the new “Manual Magnetic-Flux Gas- 
Shielded Are Welder” by Culver 
Heffernon Mr Heffernon 


Engineering Services 


manager of the 
Department of Linde Co. in Indian- 
apolis, Ind. 

An actual 
use of the machine was given by D. 
F. Secrest OWS, also of Linde. 


demonstration of the 


QUALIFICATION 
PROCEDURES 


Appleton, Wis.—Fred Theiler 
WS, welding instructor at the Madison 
Vocational School, was the 
speaker at the April 22 meeting of the 
Fox Valley Section. Mr. Theiler’s 
talk covered both the qualifying of 
operators and the qualifying of pro- 
cedures. He explained the 
for such qualification and the steps 


guest 


reasons 


necessary in each of the processes, 
The talk engendered a lively question 
and answer period which was stopped 
only by the late hour. 

Before the meeting a sound color 
film, entitled ‘Welding Advances 
with Aluminum,” was shown through 
the courtesy of the Aluminum Com- 
pany of America. 


Approximately 345 members and guests attended the 
10th Metal Congress. Among those present were John J. Chyle, AWS President 1956-57, and Clarence P. Sander, AWS 


President, 1957-58 


INSTALLATION 
OF OFFICERS 


Appleton, Wis.—The Annual Spring 
Dance and Installation of Officers of 
the Fox Valley Section took place on 
Saturday, May 11. 

The dinner was preceded by a cock- 
tail hour. At the conclusion of the 
dinner, Master of Ceremonies Bob 
Lloyd took over and entertained with 
a number of humorous sketches and 
stories. After a series of songs by a 
quartet, the new officers were intro- 
duced as chairman, Ken 
Ligare; Ist John 
Wiegand; vice-chairman, Ed 
Koch; secretary, Robert Hart, and 
treasurer, Thomas Krizensky. 


follows: 
vice-chairman, 


The incoming chairman outlined 
the plans for the coming year and 
thanked the retiring officers for a job 
well done. 

The evening was concluded 
Some one hundred and ten 


with 
dancing. 
members and guests attended. 


FABRICATION OF T-1 STEEL 


Houston, Texas—The largest turn- 
out of members of the Houston Sec- 
tion for a technical session this year 
took place on April 24 when 115 were 
in attendance at dinner and a lively 
discussion led by Louis K. Keay QW, 
and Lester K. Dawson O39, of Lukens 
Steel Co. Mr. Keay is technical serv- 
ice engineer and Mr. Dawson is ad- 
visor to Lukens customers on welding 
and fabrication techniques applicable 


AT KICK-OFF LUNCHEON SPONSORED BY LOS ANGELES SECTION 


Section News and Events 


to Lukens clad and alloy steels. 

The speakers’ subject was ‘Fabri- 
cation of T-1 Steel.” Mr. Keay did 
an outstanding job of familiarizing 
everyone in attendance on the chem- 
ical and physical properties of this 
relatively new This was fol- 
lowed by a discussion of some of the 


steel. 


problems to be expected in welding 
and forming the material. 


RESISTANCE WELDING 


Indianapolis, Ind.—The March 22 
meeting of the Indiana Section was 
held at the Athenium Turners Club 
where approximately thirty members 
and guests were on hand for an excel- 
lent dinner. 

Technical speaker for the evening 
was Robert Barley 
with B & G Automation Controls 
Corp. Subject of Mr. Barley’s talk 
was ‘Resistance Welding and Design 
for Resistance Welding” and was il- 
lustrated with slides. 

Covered were some of the 
fundamental aspects of the various 
resistance welding 
proper design for basically sound ap- 


associated 


hore 
processes and 


plication of the processes was dis- 
cussed. Many applications of poor and 
good design illustrated. Mr. 
Barley also showed a sound and color 
film in conjunction with his talk. 


were 


QUIZ-THE-EXPERTS 
NIGHT 


Indianapolis, Ind.—The April 26 


"kick-off" luncheon sponsored by the Los Angeles Section during the 
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meeting was the annual Indiana Sec- 
tion “Quiz the Experts” 
Leading off was a social hour for the 


program 


reception ol the competing sections 
The dinner and meeting were at the 
Antlers Hotel with about 65 mem- 
bers and guests. Guest of honor and 
dinner speaker was John H. Banken- 
buehler, director-at-large, who spoke 
on “Your American Welding So- 
ciety.” 

The Indiana Section was host to 
four competing Sections for 
sion of the “Trophy.” The compet- 
ing Sections were: Anthony Wayne, 
Dayton, Detroit, and North Central 
Ohio. Detroit was the 
champion. Quiz moderator was Ray 
Wirt of the Indiana Section. The 
Anthony Wayne Section won the 
Trophy. Members of the winning 
team were: Harry M. Johnson, Cap- 
tain: James McLain, George Laws, D 
B. Rice and K. H. Zimmerman 


DOSSCS- 


defe nding 


WELDING PROCESSES 
Kansas City, Mo.—The meeting 


of the Kansas City Section held on 
May 16 was attended by forty-five 
members and guests, who were treated 
to a fine talk on ‘“‘General Welding 
given by Howard 
Huff @W9, of Air Reduction Sales Co. 
Mr. Huff included some very in- 
teresting slides on inert-are welding 


Proce SSCS, as 


and his answers to various questions 
proved the scope ol his experience 
in this and other fields. 

Since this was the last meeting of 
the season, the ballots were tabulated 
officers announced: 
Harrington Au 
vice chairman, Del- 


and the new 
chairman, B. G. 
Reduction Sales; 
mar Burrows, Fluor Corp.; 
tary. J. F. Pritchard, Jr., 
Manufacturing Co.; treasurer, J. R 
Warn, Havens Structural Steel; di- 
rectors, Clyde Hull, Jr., R. T. How- 
ard, Walter Spencer. 

The dinner and meeting were en- 
joved by all and it was decided by 


SecTre- 


Dover 


unanimous vote to continue the meet- 
ings at the Golden Ox for the coming 


season. 


WELDING PROCESSES 
Calif.—On May 3 


members and guests of 


San Diego, 
ninety-eight 
the Los Angeles Aircraft and Rocketry 
Panel, met once again for the fourth 
consecutive year at the Mission Val- 
le y Country Club in San Diego, to en- 
joy cocktails, dinner and an outstand- 
ing program produced by members in 
the San Diego area 


Astronautics 


This Wis know n 
as Night in 
San Diego.” 

The two principal speakers for the 
evening were W. P. MeGregor 5, 
tool development engineer for Con- 


Jury 1957 


Seated at Speaker's Table, at the 
May 3 meeting of Aircraft and 
Rocketry Panel of Los Angeles Section, 
were, left to right, W. L. Young, W. P. 
McGregor and George Brolaski of 
Convair 


Mr. and Mrs. Sander were among the 
early arrivals at the Mission Valley 
Country Club where meeting was held 


vair and W. L Bill” Young, opera- 
tions manager of Convair’s new 
Astronautics Division 

Mr MeGrego) 


teresting paper on 


presented an in- 
Welding Proce s- 
ses’ describing the inert-gas welding 
and resistance-welding equipment and 
fixtures as applied to the Atlas mis- 
sile program. 

shown of 


Slides wer tungsten-aré 


welding on curved and vertical parts 
and of resistance equipment as used 
to weld 290,000 spots on the Atlas 
missile In coneluding his” paper 
Mr MeGregor discussed some of 
their future research problems 

In presenting his talk on the Atlas 
missile, Mr. Young entioned that 
the Astronautics Division was one ot 


the newest divisions of Convair and 
vas rapidly ex] y both in pe 
sonnel and buildings \ briet his 
tory of the missile was described 


which showed that the original design 
and testing was started in 1946 on the 
model MX774. However, in 1949 the 
Air Foree cancelled the program and 
continue the 


research on a limited basis In 1953 


Convair was for ed to 


a high priority was given to the pro- 


Convair began building 


gram and 


units in 1955. 


Section \ CWS and ki ents 


Charles Smith, chairman of Los Angeles 
Section, reports on the warm welcome 
extended to the newly elected AWS 
President, C. P. Sander at the National 
Spring Meeting in Philadelphia 


Miss Lottie Root assists Panel chairman 
Mario Ochieano in the drawing of 
door prizes 


Both speakers were presented with 
desk pens In appreciation of their in- 


teresting presentation 


NONDESTRUCTIVE TESTING 
Huntington Park, Calif.—The Los 


{ngeles Section held its last technical 
meeting for the fiscal year on May 16 
at the Elks Lodge in 
Park, with fiftv-eight members and 


Huntington 


guests present The speaker for the 
evening Was (4 | Betz AW vice 
chairman of the Board of Directors, 
Magnafl ( iti Chicago, who 
presented a paper on “ Nondestructive 


Testing in the Inspection of Welds 


igeneral survey 


and discussion of various nondestruc- 
tive test methods in se in the In- 
spect some of the 
latest developments in the use of mag- 
netic part ina enetrant inspec- 


tion in the field of welding, details be- 
d osed of recent installations 
with the use of slides 

Mr. Betz was presented with a desk 
done 


pen in appre 


HARD SURFACING 


Baltimore, Md.—The subject of 
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NONDESTRUCTIVE TESTING DISCUSSED BY BETZ 


C. E. Betz was guest speaker at the 
May 16 meeting of Los Angeles Sec- 
tion. His subject was “Nondestructive 
Testing in the Inspection of Welds” 


the April meeting of the Maryland 
Section held on April 25 was well ex- 
plained by Herb Clarke 9, of Coast 
Metals, Inc., Little Ferry, N. J. 

Mr. Clarke spoke on “Hard-Sur- 
facing Alloys and Their Characteris- 
tics and Methods,” describing vari- 
ous alloy electrodes and inserts used 
to reduce problems subjected to 
abrasion, corrosion and heat resist- 
ance, He also discussed develop- 
ments in powder metals for hard sur- 
facing 

David G. Baille of Singstad & 
Baille, engineers of many New York 
tunnels and other large projects and 
engineers of the Baltimore Harbor 
Tunnel Crossing, was the coffee 
speaker Mr. Baille described the 
work on the tunnel and showed a 
number of slides showing the work as 
progressed to date. 


LADIES NIGHT 


Baliimore, Md.—The Maryland 
Section held the final meeting of the 
season on May 25 with a ladies night, 
second annual dinner dance and in- 
stallation of officers for the coming 
season at the Southern Hotel in Balti- 
more, with musie by Leroy Heinie 
and his Orchestra. 

The following officers were elected 
for the 1957-58 season: chairman, C. 
H. Basel, Earlbeck & Landrum, Ine.; 
Ist vice-chairman, J. H. Burnley, 
Koppers Co. Ine.; 2nd vice-chairman, 
BK. F. Jones, Southern Oxygen Co. 
Ine.; secretary, R. E. Metius, Bethle- 
hem Steel Co.; treasurer, J. O. Ben- 
son, Bureau of Materials & Soils. 


NEW OFFICERS 


South Bend, Ind.—The Michiana 
Section met for their final session of the 
season on May 16. This meeting was 


Section Chairman Chas. Smith, Presi- 
dent C. P. Sander, S. R. Lanier and 
Leo M. West shown in get-together 
prior to meeting 


the annual business-social get to- 
gether. Announcement was made of 
the election of the following officers: 
chairman, Walter Wille, Oliver Corp.; 
vice-chairman, Verland Bloxson, Dur- 
akool Corp.; secretary, W. G. Fass- 
nacht, Bendix Products; treasurer, 
Floyd Doolittle, Bendix Products. 

Following the business session, the 
members vied for some door prizes and 
then enjoyed two movies. One, “The 
Chemistry of Fire,” shown through 
the courtesy of the Indiana State 
Fire Marshall, should be seen by every 
welder. 


ANNUAL DINNER DANCE 


Manchester, N. H.—-The first an- 
nual dinner dance of the New Hamp- 
shire Section was held on May IS at 
Six Acres, Manchester. Fifty mem- 
bers, accompanied by wives and 
guests, enjoyed a cocktail hour that 
preceded a most delicious dinner. 

Election of officers for 1957-58 
followed the dinner, and the follow- 
ing were chosen to serve: chairman, 
J.C. Swann, New Hampshire Welding 
Supply: Ist vice-chairman, Robert 
Worrell, Lyons [ron Works; 2nd vice 
chairman, Robert Tuttle, Public Serv 
ice Co. of N. H.; treasurer, Albert 
Gilbert, Gilbert Welding. 

Coffee speaker of the evening was 
Donald Quimbey who kept his audi- 
ence in a hilarious mood with his end- 
less collection of stories and anecdotes. 
Dancing completed the evening’s pro- 
gram and it was the concensus that 
the committee did an outstanding job 
in making this affair the highlight of 
the Section’s activities of the year. 


MAGNETIC-FLUX WELDING 


New Orleans, La.—The Vew Or- 
leans Section held its final meeting of 


Section News and Events 


Enjoying refreshments are Jack Riley, 
“Connie” Hogon, Joe Cye, Philip 
Deuchler, Earl Lund and Ralph Martin 


the year on May 21 at Watkins 
Broadview Restaurant, with 53 mem- 
bers and guests in attendance. Guest 
speaker was L. L. Kelly @S9, of Linde 
Co. His subject was ‘“Union-Are 
Something New in Welding.” 

Mr. Kelly gave a fine lecture, as he 
usually does, on the above subject. 
Motion pictures and slides were used 
to demonstrate the processes and ap- 
plications. Mr. Kelly also enter- 
tained a question and answer period 


NEWLY ELECTED OFFICERS 


New York, N. Y.—At a meeting of 
the Executive Committee of the Vew 
York Section held on May 3 at Toots 
Shor Restaurant, the report of the 
Tellers Committee and the results of 
the election of officers for the fiscal 
year were announced as _ follows 
chairman, A. L. Seiden; Ist vice- 
chairman, J. E. Mooney; 2nd _ vice- 
chairman, G. Metterhauser;  secre- 
tary, H. D. Landis, Jr.; treasurer, M 
D. Bellware. 


MODERN STEELS 


Mt. Vernon, Ohio—The May meet- 
ing of the North Central Ohio Section 
held on May 10 in Mt. Vernon, Ohio 
was a joint meeting with the Colum- 
bus, Ohio, Section. Fifty-seven mem- 
bers and guests enjoyed dinner at 
Mazza’s Gourmet Room. 

During the business meeting the 
new officers for 1957-58 were installed 
as follows: chairman, 8. W. MeDon- 
ald, Cooper-Bessemer Corp.; Ist vice- 
chairman, R. B. Leiter, F. E. Myers 
& Bro. Co.; 2nd_ vice-chairman, 
T. A. Long, Gar Wood Industries; 
secretary, R. W. Kennedy, Mineweld 
of Indiana; treasurer, O. C. Rowlin- 
son, Ohio Locomotive Crane. 
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Semi-Automatically With 


PRECISION DRAWN HARD SURFACING WIRES 


Now you can shorten ‘‘down-time’”’ and turn 
out more resurfaced or rebuilt parts per shift 
with semi-automatic equipment and Wear- 
O-Matic precision drawn hard surfacing 
wires. With deposition rates up to 15 pounds 
per hour you can easily save up to 50% of 
the cost of manual hard surfacing opera- 
tions and yet retain the flexibility of manual 
welding. In addition, with semi-automatic 
application there is no stub or coating loss. 


Free Application Manual for automatic and semi- 
automatic hard surfacing. 


Here’s why Wear-O-Matic is the RIGHT WIRE for 
your semi-automatic applications. 

More uniform wear resistance Wear-O-Matic 
wires are compacted to a density almost equal to 
solid wire resulting in a more uniform hardness and 
wear resistance throughout the weld deposit. 
Continuous smooth feeding The true diameter 
and dense structure of Wear-O-Matic wire permits 
smooth feeding without special feed rolls or contact 
tubes. Wear-O-Matic wires will not crush under 
standard feed roll pressure. 

Find out now how Wear-O-Matic precision drawn 
wires can improve your hard surfacing operation. 
Write for free literature and application manual. 
Drawalloy Corporation, Lincoln Highway West at 
Alloy Street, York 13, Pennsylvania. 


CORPORATION ly 
YORK, PENNSYLVANIA 


THE WIRE MILL FOR THE WELDING INDUSTRY — STAINLESS STEEL 


1957 


HARD SURFACING - TOOL STEEL 
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Speaker for the evening was Dr. W. 
Doty WS, welding research engineer 
with the U.S. Steel Corp., Applied 
Research Laboratory in Monroeville, 
Pa His subject was ‘*Modern Steels 
and Their Weldability.”’ 


PLANT TOUR 
Olean, N. Y.—The 


Bradford Section met on May 21 for 
dinner at the Olean House, after which 
a tour was made of the Turbo Prod- 
ucts Division of Clark Bros., which 
Richard Vos- 


lamber, plant superintendent, spoke 


Olean and 


was very interesting. 


briefly on the new welding and fabrica- 
tion plant that is being built and the 
new turbo engines that are being 


manufactured. 


STEEL 


Portland, Ore.-The April meeting 
of the Portland Section was addressed 
by Ted Carlson of the U. 8. Steel 
Supply Co., who gave a nice talk on 
steel and showed some very interesting 
movies of their steel mill in) action. 
This was followed by another movie 
on their operations in Venezuela 


STUDENT AWARDS 
Saginaw, Mich. 


ley Section reported a new approach 


The Saginaw Val- 


for stimulating the interest of high 
school students in welding. R. F. 
Woollard, chairman and W. F. Wil- 
liams, vice-chairman, were instru- 
mental In sponsormg special awards to 
student exhibitors at the Midland and 
the Flint Science Fairs. 
each city—one 


Two winners 
were selected from 
from the Junior and one from the Sen- 
ior High School Division. The 
awards consisted of subseriptions to a 
scientific or a mechanical magazine 
selected by each winner. This initial 
venture was highly successful and the 
Saginaw Valley Section is looking for- 
ward to an increased interest in weld- 
ing at the next vear’s Science Fairs 


AUTOMATIC WELDING 


Shreveport, La.—The 
Section met on May 16 at Captain 
Shreve Hotel for dinner and meeting. 
Principal speaker was Phil Sack- 
bauer, Pandjiris Weldment Co., St. 
Louis, Mo. Mr. Sackbauer related 
some history of the welding fixture 
industry which has paralleled the sub- 
process. He 
pointed out that, today, there are 
30,000 submerged-are welding heads 
in operation out of the 66,000 that 
have been sold. The following are 
some of the things to be taken into 
consideration in regard to automatic 
welding: 

(a) Product to be welded must lend 


Shreve port 


merged-are welding 


DOTY SPEAKS ON WELDABILITY OF STEELS 


General view of the members and guests present at the joint meeting of the North 
Central Ohio Section and Columbus Section held on May 10 in Mt. Vernon, Ohio 


Seated at head table are Solon Mc- 
Donald, incoming chairman of North 


Central Ohio Section; W. D. Doty, 
guest speaker; Howard Cary, out- 
going chairman of North Central Ohio 
Section, and J. J. Vagi, vice chairman 
of Columbus Section 


itself to automatic welding or can be 
so designed. 

(b) Operator may be important or 
he may just push a button to start 
completely automatic cycle. 

Welding 
cost and speed will determine whether 
it will be semiautomatic or automatic. 

(d) Fixture—determined by type 
and gage of material, production re- 


equipment—relative 


quirements, whether or not the parts 
are pretacked before loading, whether 
there are locating points for loading, 
space limitations, amount of automa- 
tion desired and work employment 
having to do with moving part in re- 
lationship to head or head-to-work. 


ELECTION OF OFFICERS 


Miami, Fla.—The South Florida 
Section announces the election of the 
following officers for the 1957-—5S fiscal 
year: chairman, Herbert J. Hoodwin, 
City of Miami Building Dept.; Ist 
vice-chairman, Robert B. Banning, 
Consulting Engineer; 2nd vice-chair- 
man, Clement H. Echtle, Treas. 
Dept., USCG; secretary, Thomas R. 
Berg, J. Calvin Juriet & 
treasurer, Leo R. Riedy, Jorgensen «& 
Schraffler. 

As announced in the June issue, 
this Section is holding Open Meetings 
on the third Wednesdays of June, July 


Assoc.; 
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Mr. Cary is shown handing the tradi- 
tional chairman's gavel to Mr. Mc- 
Donald, while Dr. Doty looks on. Dr. 
Doty’s topic was ‘Modern Steels and 
Their Weldability” 


and August, to discuss the activities 
welfare and management of the Sec- 
tion. These will be held at the new 
meeting place—Miami  Firemen’s 
Benevolent Association’s Hall, 2980 
N.W. South River Drive, 2. blocks 
west of 27th Ave. Bridge on the Mi- 
ami River. Regular meetings will 
start in September on the third 
Wednesday of each month, up to and 
including May 21, 195s. 


MAY DINNER DANCE 
Toledo, Ohio.—The sixth annual 


dinner dance of the Toledo Section was 
held on Saturday, May IS at the To- 
ledo Edison Club with 110 members 
and guests. Following a delicious 
Rock Cornish Hen dinner, the new 
officers were presented as follows 
chairman, T. F. Ellis, Willys Motors 
Inc.; Ist vice chairman, R. H. 
Hoefler, Kaighin & Hughes, Ine.; 
2nd vice-chairman, M. Baughman, 
Air Reduction Sales; secretary, W 
Morrison, Standard Oil Co.; 
urer, E. J. Morrison, Sun Oil Co. 

The group was then entertained un- 
til midnight by dancing to the music 
of Al Shank, and refreshments were 
served. 

In reviewing the past year, it was 
quite obvious to the Section members 
that all of its officers had put in con- 


treas- 
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to past chairman Walter Schmidt for a and kindred metals Chis lecture was 
ob ve rv we done illustrated with slides of \ irious appli- 
eations and setups His audience was 


ery attentive, asked numerous ques- 
WELDING PROCESSES 
Wichita, Kans.— The Wichita se 
tion met on May 15 at the Hickory 
House for dinner and meeting. Guest 
speaker was Harry Huff @9, of Ai IRON-POWDER ELECTRODES 
Reduction Sales Co 
Mr. Huff spoke on the application 


of the automatic tnert-gas tungsten- 


iker enthusias- 


Worcester, Mass.— The April meet- 
ing of the Worcester Section was held 
on April L at Nick’s Grille Speake 
welding placing specia was William Troy AW district man- 
emphasis on fixtures and jigs He Boda York. Pa 
used slides to illustrate the various 


subject was “‘Iron-Powder Low-Hy- 

points in his talk He also drew ex- drogen Electrodes 
amples from actual applic ations in in- Mr. Troy discussed the vroperties 
dustrial plants Mr. Huff’s talk was a 
Toledo Section Chairman T. F. Ellis informative and very interesting, and 
was followed by a very active discus- compared them with the conventional 
siderable effort Meetings were ar- Sion perio E6010, E6011 and E6012 rods and the 
ranged for the purpose of teaching conventional low-hydrogen rods avail- 
welding. The Section held an inert- ARC CUTTING OF METALS able for some time He pointed out 
gas welding clinic which was a great that high velding currents can be 
success, and also held its first “Stump Worcester, Mass. Th March used with the iron-powder electrodes. 
the Experts’ night. Although the meeting of the Worcester Section was When welding in the vertical position 
increase in membership did not meet held on March 4 at) Nick’s Grille they will deposit weld metal at a much 
the intended goal membership at- Speaker ol the evening Was John faster rate than the E6010 electrode 
tendance at meetings was Increased Douglass AWS, New England Manage when it is used at optimum current 
100% over last vear and the ground Linde Co., Boston. Mr. Douglass ex- Also that 1345 ® g-in. diam. iron-pow- 
work for a sound Section and future plained how, with the are and the der low-hvdrogen ectrodes when 


expansion Was firmly set. The mem- proper inert-gas envelope, it Was possi- burned to 2-in. stubs ll deposit 100 


bers and officers can point with pride ble to cut heavy aluminut stainless lb of weld metal Phe speaker stated, 


ep 


FOR ALL HEAT-DEPENDENT / 
OPERATIONS | 


Available in 
these Temperatures (F.) 


Sixty-three different compositions enable you to determine 
and control working temperatures from 113° to 2000° F. 
TEMPILSTIK® marks on workpiece “say when” by 


melting at stated temperatures — plus or minus 1%. 


ALSO AVAILABLE IN LIQUID AND PELLET FORM WRITE 
‘*‘WELDING SALES’’ DEPT. FOR SAMPLE TEMPIL 
PELLETS . . . STATE TEMPERATURES OF INTEREST—PLEASE! 


agO 
Temptl coreorarion 132 WEST 22ND 


STREET, NEW YORK 11,N. Y. 
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Jan 

Res 113 375 1000 

125 388 1050 4B 

| 138 400 1100 

150 413 1150 

| 163 425 1200 

175 438 1250 

188 450 1300 

200 463 1350 

| 213 475 1400 

225 488 1450 

|| 238 500 1500 

250 550 1550 

| 263 600 1600 

275 

288 700 1700 

300 7501750 
313 800 1800 

325 850 1850 

338 900 1900 

350 950 1950 

363 2000 


IN YOUR SHOP! © 


Enter the growing field of precision welding. It can 
offer a savings over other methods of assembly, 
broaden your operation, increase profits. The ideal 
unit for this work is the Challenge Welding Table 
It's suitable for layout work, ‘‘tack’’ welding and final 
welding operations. T-slots permit accurate position 
ing and holding Made of special analysis semi- 
steel to withstand the welding flame or arc Guar- 
anteed accurate to within .002” 


SE-103 
TRADE-MARK (®) 
THE CHALLENGE MACHINERY CO. 
GRAND HAVEN, MICHIGAN 


| The Challenge Machinery Co. | 
Grand Haven, Michigan 

| Rush details on Challenge Welding Tables | 
] and other Precision Equipment 
| 

| 

| 


Name | 


Company | 
Address 


and periodic resetting. 


Write for catalog. 


3450 South 52nd Ave. 


Designed to carry the high currents necessary for intense heat, 
BBB Keen-Arc Carbons produce a fine-grained weld of high 
tensile strength. They give a smooth, steady “flowing” flame 
which does not wander and which is concentrated at the desired 
focal point. Flame temperature is easily and accurately ad- 


justed by merely changing the ampere input, and heavy copper Send resume of training and experience to: 
coating permits gripping at extreme ends—eliminates frequent 


in addition, that the welder technique | 

involved with low-hydrogen iron-pow- | Just Ou 

der electrodes, is much less exacting : ; 

than that required with the conven- { 2B k : 

tional low-hydrogen electrodes. 0 rea a 
Groton, Conn.—On April IS the 

Worcester Section, in conjunction with 

other Sections in this area, Boston, WA 

Springfield and Bridgeport, partici- 

pated as guests of the Hartford Section Spiral 


in a visit to the plant of the Electric 
This plant, a division of General TIP CLEANER 


PLANT VISIT 


Boat Co. at Groton, Conn. 


Dynamics Corp., is the place where The exclusive, non-breakable advantage 
the atomic submarines ‘‘Nautilus’’ THERMO TIP cleaners didn’t just happen—N 
. , 99 a Sir! This feature resulted after 1 years ré 
and “Sea Wolf were built. rhe search, and experience. That's why we say r 
Worcester Section appreciated the other type or make can match a THERMO, and 
honor of this invitation so highly that war prove Gut to send 
‘ ‘ . mitt . for a FREE THERMO Spiral Tip Cleaner and put 
it hired a special train from the New it to every test—as to its cleaning efficiency and 
longa lasting performances Yes, just TRY 


Haven Railroad to transport 86 of its 


break it-—then you'll know why 
members and friends. 


All Progressive Welding Supply Dealers 


The visitors were privileged to see Recommend THERMO TIP CLEANERS 
some of the most modern methods and 


positioning equipment known to the VLA 
welding industry. An afternoon spent MI €o 
in this plant was a revelation to all IER AA TE 
those fortunate enough to be there. OM 
After the visitation, a cocktail hour 

and dinner at the “Meadows” rounded 108 S DeLacey Ave. 


out the afternoon. In the evening, a PASADENA, CALIFORNIA 


NOW READY FOR PRODUCTION! 


The 
All-New 


s B-58 


Americas FIRST 
Supersonic Bomber 


e Welding Engineers 
Metallurgists 


Recent graduates and non-graduates with sufficient ex- 
perience to develop metallurgical processes solve 
production problems in welding and heat treating of 
ferrous and non-ferrous metals for the all-new B-58. Work 
in America’s largest and finest aircraft manufacturing 
facility, enjoy pleasant suburban living with metropolitan 
educational and cultural facilities, salary and employee 
benefits that are tops in the industry. With nearly half- 
a-hundred Air Force contracts on hand, your future is 
NOW ... at Convair! 


MR. B. R. TOUDOUZE 


A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon 
and graphite electrodes, carbon rods and plates, welding paste, etc. 


BECKER BROTHERS CARBON CO. 


Cicero 50: Illinois 


FORT WORTH 
FORT WORTH, TEXAS 
CONVAIR IS A DIVISION OF GENERAL DYNAMICS CORPORATION 
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RESEARCH 
METALLURGISTS 


Masters or Ph.D. degrees pre- 
ferred. 25 to 35 years of age. 
Work in applied research, 
dealing with welding of ferrous 
and non-ferrous alloys, investi- 
gation of service problems, and 
selection of materials of con- 
struction, 

Applicants should have experi- 
ence in the application of met- 
allurgy to production problems. 


C F BRAUN & CO 
Alhambra, California 
Engineers and Constructors 


INSTRUCTIONS 
FOR 
PROSPECTIVE AUTHORS 


Authors who plan to submit 


papers for publication in TH 


WELDING JOURNAL are invited to 


send tor tree cOpyY of the booklet 


“Instructions and Suggestions for 


Authors.’’ All requests should be 


addressed to Editor, The Welding 


Journal, American Welding Soci- 


ety, 33 W. 39th St., New York 


16, ¥. 


JuLY 1957 


speaker from the company explained 
a number of the operations and meth- 


ods seen earlier. 


BATTLE OF THE SECTIONS 
York, Pa.— The final meeting of the 


season of the ork-Central 
Section was held on May 7 at the Lin- 
coln Woods Inn 


\ quiz program 
York-Central Penna 
composed of teams from the following 
Sections Philack Fred Judel- 
Hallock ¢ Campbell, Walter 
Susquehanna Valley Al Bel- 
Cameron Elwood 

Valley—A T 
idler, R. D. Stout; 
York-Central Penna.—Luther Kem- 
per, William DeLong, Lou Ames 

The moderator was E. B. Lutes of 


the Baltimore The three 
also supplied from. the 


Penna 


sponsored by the 
Section, was 
Inhia 
sohn 
Mehl 
ford J. M 
Baucker; Lehigh 
Bavaria, C. L. Kr 


Ser tion 
judges were 


same Section 


The Lehigh 


Wwinnel 


Valley Section team 
Members of the 


with 


was the 
winning team were presented 


AWS lapel emblems. 


The newly elected officers were an- 
chairman, A. F. 
R. Szum- 


Woodward 


nounced as follows 
Leach: 
chowski; secretary, V. L. 


trensurel! ( Allen. 


vice-chairman, 


Section Ve ws and | DEY nts 


MANUFACTURING 
RESEARCH 
ENGINEER 


Welding 


section ¢ Manufacturing 
rch & Process Department has 
ellent opportunity for a college 
ite wit n engineering or 
experience in 

selected will 

levelopment 

oOactas weld- 

l ering, and 

s for produc- 

rait manu- 


I 
t 
5 with experi- 
el wrk with high 
degree 


benefit 


a 


pany -paid 


accident 


2-fold 


we 
a} 
Ar 

erit rated 


x 
lin 
Tu 
mong other iva res, Republic 
SI 


and! ther benefits 


Send restttiie in confidence to 
\Ir. Pa 


HARTMAN 


Employment Department 


SUE 


Farmingdale, Long Island, N. Y. 
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Effective May 1, 1957 


MEMBERSHIP CLASSIFICATION 


Sustaining Member 


B Member 


ALBUQUERQUE 
Hanks, Cale 8S. (B 
Kish, Andrew J. (C 
ANTHONY WAYNE 


VeDaniel, Bruce (¢ 
Nloore Rav (C 


ATLANTA 

Graham, William Franklin (B 
BOSTON 

Bagnell, Walter (B 


Brown, Paul BE. (C 
Downer, Robert J 
Johnson, Karl BE. (C 
\Iattson. Robert M C 


BRIDGEPORT 


Cronin, Edward J., Jr. (C 
Krav, William (B 

Levine, Milton M.(B 
Panish, Alexey J B 
Penkava, Henry R. (B 
Quinn, Joseph J.(B 
Slosar, Joseph (B 


CANADA 


Dal Molin, G. A. (B 
Jesse, William (B 


CHICAGO 


Altringer, John F. (B 
Bruggeman, Ronald Earl (C 
Burch, Joseph (B 
Chestnut, James (C 
Colvin, Thomas E. (B 
Coursen, William F. (B 
Hawes, William H. (C 
Hays, David R.(B 
Heinrichs, Louis Sr. (B 
Howard, Lawrence Paul (C 
Moore, William 7 B 
Spagnola, Casper J. (C 


CINCINNATI 


Bartholomew, Harold (B 
Gilliss, Randall G. (C 
May, James A. (B 

Mav, Robert V. (B) 


CLEVELAND 


Blazek, John J., Sr. (B) 
Forbes, Robert H. (C) 


C Associate Member 


D Student Member 


Fulton, Clifford J. (C 
Gallo, Michael J. (C) 
Russell, George F., Jr. (C 
Seese, Marvin W. (B 
Steinert, Franklin F. (B 


COLUMBUS 

Owen, Robert Thomas (B 
DALLAS 

Farrow, (¢ 
DAYTON 


Idler, Leonhard H. (C) 
Flora, Russell T., Jr. (C 
Moek, Noah R (B) 


DETROIT 


Donnelly, Thomas 8. (B 
Harrison, David k. (B 
Hartley, Vaughn (B 
Johns, Harry L. (B) 
Koepke, Bernard W (B 
Lee, James J { B 
Ludwig, W. 1D. (B 
Morgan, Harry (B 
Rogers, Don bE (B 
Tobin, Phil (B 

Traey Arthur (B 


EAST TEXAS 
Wallace, Larry A. (D 
FOX VALLEY 
Peterson, Roy L. (C) 
HARTFORD 


Boettger, Alfred O. (C) 
Gahn, George (C) 


HOLSTON VALLEY 
Caley, A. D. (B) 


HOUSTON 


Blosiol, Vietor J. (C) 
Cundiff, Dan (B) 
Denton, Wyley H. (B) 
Gray, Donald L. (C) 
Hamilton, Dale (B) 
Irvin, J. L. (A) 

Kiley, Herbert W. (B) 
Larsen, Carl L. (B) 
Murphy, Paul James (C) 
Niederhofer, A. A. (B) 


Neu 


E--Honorary Member 


F---Life Member 


Northway, Harold (C) 
O'Neill, John H., Jr. (C) 
Thompson, Melvin J. (B) 
Voigt, Albert P é. (C) 


Volek, Charles W. 
Williams, J. C., Jr. (C) 
INDIANA 

Castor, C. R. (C) 


Hegedus, Joseph B 


Evans, Harvey D. (C 
Mitchell, Lee (C 


IOWA-ILLINOIS 
Hotle, William D. (B) 


Jones, Clavton J. (C) 


White, William M. (C) 


KANSAS CITY 


Butcher, Raymond M. (B) 
Kratzberg, A. R. (C) 
Rogers, Harry W (C) 
Spencer, Walter H. (B) 
Weed, Arnold C, (C) 


LEHIGH VALLEY 
DeAngelis, Joseph M. (C 


LONG BEACH 


Attridge, Harold E. (C) 
Baldock, James Raymond (B) 
Goebel, Thomas E. (C) 

Miles, Richard S., Jr. (C 
Romo, Frank B. (C) 

Tavlor, Robert (C) 

Teeter, Ramon A. (B 
Wallace, Elmer Allen (C 


LONG ISLAND 


Finkle, Stephen (B) 
Nangle, David J. (B) 
Powers, George (B) 


LOS ANGELES 


Akot, Raul J. (B) 
Baldner, Elroy D. (C) 
Bender, Harold 8. (C) 
Chapouris, John (C) 
Crestani, John E. (B) 
Gaiennie’, Bernerd (A) 
Gillbank, Harland A. (D) 


» Members 


Total National Membership 
Sustaining Members......... ‘ 157 
Associate Members.......... 6,380 
17] 
Honorary Members... 8 
12,758 
Join AWS—Advance Through Welding 


Higham, Bill V. (C) 
Kalmeyer, Walter J. (B) 
Larsen, Robert C. (B 
Laws, J. Otis (C) 
Manning, Denny M. (C 
Periman, Don (D) 
Perry, Gordon EK. (C 
tichards, J. H. (B 
Searce, James R. (C 
Schleve, C. (B 

Shire, Harold Raymond (B 
Wagner, Dave R. (C 


LOUISVILLE 
Dobbs, Warren W 
Scheffield, W. F. (C 
MADISON 


Hallmark, Robert F. (C 
Link, Herbert Dennis (B 
Mau, Richard L. (C 
Meehan, Leonard T. (C 
Raitzer, Albert (B) 


MAHONING VALLEY 


Babeoek, C. A. (C) 
Billig, G. A. (C 

Kolb, John T. (B 
Lewis, Don F. (B 
Lowry, V. O. (C 
Sickles, Donald C. (B 
Stewart, K. C.(C 


MARYLAND 

Schreitz, W. Gordon (C 
MICHIANA 

Henderlong, Dwight M. (C 
Tesmer, Burt J. (B) 
MILWAUKEE 


Bush, Raymond C. (B 
Gilbertson, Vern (B) 

Gonet, John Edward (B 
Lea, Henry, Jr. (B) 
Vanderwalker, John Neil (B) 
Weimer, A. C. (B) 
MOHAWK VALLEY 


Palmer, Donald L. (B) 


NEW JERSEY 


Benson, Cornell (C) 
Cornacchio, Sal Robert (C) 
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Fenelon, Thomas J. (C PASCAGOULA MeKibben, Kenneth D. (D Knotts, Donald L. (C 
B lorell, Edwin G B r, Mianulli, Michael J. (B 
Aeatiey, Francis Kevin towe, Grvlore 
Kemp, William J. (C PEORIA Spelker, J. D. (B NOT IN SECTIONS 
Kriger, Stuart (C nkelmant sR 
Lyon, David, Jr. (C ( ST. LOUIS B 
eer, Creral rene elgnwaysy 
McKiernan, James D B ivan FDC Lewis, Arthur S.,. Mehrotra, Visheshwar Nath (B 
Moodie, William ¢ , Jr B Parker, George (C Murdoch, William Craig (C 
Nielsen, Niels L. (( PHILADELPHIA Sansoucie, C. W 
Schmidt, Howard (C . TI B Schaeffer, Elmer 
Smith, John R. (B Taylor, David D. (C . 
Sullivan, Raymond Patrick (C Demos, A. C. (¢ Walleman, Vernon F. (C Members Reclassified 
Tokazowski, Edward A. (C Drake, A. J. (B : 
Turbitt. R. F. (B Dunn, James, Jr SAN ANTONIO During the month of May 
Werlock, Joseph J. (B Ad G. W.(C 
Lenar, Kugene J. (B BOSTON 
(‘ortinas, Ralph G., Jt 


NEW ORLEANS Rey nolds, Samuel 1) .> Ferzoco Pasqu ile (C to B) 


Sct f, Russell L Will 
Cunningham, Murray H. | Schulte R.(B ( irl B) 
‘ ‘ eterson aries oO 
NEW YORK hwartzer, W n } ( 
Scott, Glen R. (¢ eape, Sam ? BRIDGEPORT 
Holecek, Louis A. (B Sowers, George J 
Krokus, Joseph BH. (C Staudt, Harold H , SANGAMON VALLEY Imy iti, Joseph (C to A) 


Pitell, Ewald (C Wallace, Kenneth | C 
Sheer, Solomon (C PITTSBURGH DETROIT 
Trvon. R. W \ Cable. Herbert ] SANTA CLARA VALLEY Shifrin. Edwin G 


( 
Kalson, H. (B Frederickson, Adrien (C 


NIAGARA FRONTIER 9 Wie LOS ANGELE 
Kemple, Joseph N \ Leslie, Richard B ( 


Bae hren, Robert © King. Peter P. (C Porte! Jac R 
Calkins, Edward L. (C 3 SOUTH FLORIDA Zierer, Rol 
Ciresi, Joseph J. (B Siegwart, R. \ B Gillespie, William F. (C) 
Coleman, T. D Stumm. Edward L. (B Sullivan. Martin. Jr. (C MAHONING VALLEY 
Dworak, Earl R 4 
Long, 1 
Kelso, John J. (B PUGET SOUND STARK CENTRAL 
Lipps, Richard C. (C Hood, Albert H. (C Dobbin 3 MILWAUKEE 
Mason, William | 
Trapp, Edwin (B RICHMOND SUSQUEHANNA VALLEY 


Ramos, Wellington Austin Maruca 
Niece, Melvin L. (B Rinehimer H 
Oberdier, E. J. (B ROCHESTER 
Runkle, G. Laverne (B Statucki, Walter (( SYRACUSE NEW YORK 
foagland, Mdward (C 

NORTHEAST TENNESSEE saGiNAW VALLEY Fraser, O. B. J. (1 

TULSA 
Helton, Milus Edwin (B) idy, David (¢ PITTSBURGH 


( 

Carter, Richard W ( Hass, Arthur 

NORTHERN NEW YORK é = PE , Platte, W. N.(C to B 
Cron, William (B Hendrix, Lee (B 

; ( 


D Andrea, S. \ ( unningham Willian ; 
Hume, George W. (( Dixon. Wilkem G. (D WASHINGTON D. C. SAN FRANCISCO 


Havnes, Raymond W, (C Greene, William T Kech, L. A. (B to A 
NORTHWEST Kivela, William ¢ B 
Kiermann, Carl Eugene (¢ Kupisch, Robert (D WICHITA TOLEDO 


Lorge, Maurice L. (C LaBrake, William E. (¢ Donmvyer, Arhe, (B Priest, Russe 


August 15, 1957 is Deadline for 
Sixth AWS National Spring Meeting Abstracts 


Papers dealing with latest developments in (1) fabrication and maintenance of equipment used for 
radioactive applications, (2) brazing, (3) welding of dissimilar metals, (4) machinery design and fabrica- 
tion, (5) automation as applied to resistance welding, inert-are welding and other welding processes, 
(6) welding of castings and composite structures, (7) welding of plastics, (8) soft soldering, (9) equipment 
and transmission lines used in petroleum industry, (10) structures and railroads, (11) magnesium, zir- 
conium, molybdenum and like metals and (12) practical applications or “*how-to-do” topics are deemed 
to be of particular interest at the St. Louis meeting. However, any papers dealing with the educational 
and informative categories of welding production, engineering, research and metallurgy are welcomed as 
long as the subject falls within the field of our Soctrery’s activities. 

To assure consideration for the 1958 National Spring Meeting Program abstracts must reach AWS not 
later than Aug. 15, 1957. Application forms, if needed, may be obtained by writing to National Secre- 
tary, AMERICAN WELDING Socrery, 33. W. 39th St.. New York 18, N. Y. 


JULY 1957 Ve w Ve mbe rs 


. 
CtoA 
ANG 
R.(C to B 
to | 
2 
i (C to B 
729 


For copies of articles, write directly to publications in which they appear 


fluminum Conductors. Aluminum Conductor Cable 
Jointing.  Wetallurgia, vol. 54, no. 326 (December 1956), pp. 


274-275. 


ire Welding. Constant Are Length Vs. Constant Are 
Voltage for Consumable Electrode Welding, R. W. Tuthill. 
Industry & Welding, vol. 29, no. 12 (December 1956), pp. 
54-56, 


ire Welding. Metal Are Welding of Mild Steel Plate, 
R.S. Bolton. New Zealand Eng., vol. 11, no. 12 (Dee. 15, 
1956). pp. 100-40, 


tutomobile Manufacture. Automatic Welding Speeds 
New Chrevolet Frames, H. Chase. Tooling & Production, vol. 
22. no. 9 (December 1956), pp. 71-73. 


Brazing. Nickel-Manganese Brazing of Steel, R. A. Gus- 
tafson. \achine & Tool Blue Book, vol. 51, no. 12 (December 
1956), pp. 112-116. 


Bridges. Some Aspects of Welding of Structural Steel, W. 
Burrows. New Zealand Eng., vol. 11, no. 12 (Dee. 15, 1956), 
pp. 415-418. 


Coal Pulverizers. Resurfacing Coal Pulveriser Rolls. 
Steam Engr., vol. 26, no. 302 (December 1956), pp. 98-99. 


Cranes. Dual-Head Girder Welder; Star in Morgan’s 
Lineup, F. T. Taneula. Welding Engr., vol. 41, no. 12 (De- 
cember 1956), pp. 33 34. 


Electric Transformers. Westinghouse Welds Oil- and 
Gas-Tight Transformer Cases, F. T. Tancula. Welding Engr., 
vol. 41, no. 12 (December 1956), pp. 25-27. 


Eye Protection. Eye Injuries in Metalworking, W. 
Schweisheimer. Tooling & Production, vol. 22, no. 9 (Decem- 
her 1956), p. 100. 


Light Metals. Butt-Weld Tooling for Thin Gauge 
Aluminum, G. C. Close. Light Metal Age, vol. 14, no. 11-12 
(December 1956), pp. 17-18. 


Machinery. Mine Equipment and Machine Tools. 
Welding & Metal Fabrication, Vol. 24, no. 12 (December 1956), 
pp. 424-430. 


Pipe Lines. Bechtel Uses Automatic Welding to Double 
Joint on Westcoast’s Pipeline. Gas, vol. 32, no. 8 (August 
1956), pp. 112-113. 

Pipe Lines. What Causes Underbead Cracks in Welds? 
\. M. Hill and F. W. Zilm. Oil & Gas J., vol. 54, no. 85 
(Dec. 17, 1956), pp. LOS-112. 


Pressure Welding. Pressure Welding of Metals and 
Alloys, R. Narayanan, L. J. Balasundaram and R. C. 
Deshpande. Indian Inst. Sctence—J., Sec. B, vol. 38, no. 1 
January 1956), pp. 14-19, 2 suppl. plates. 


Radio Equipment. Proceedings of 2nd RETMA Con- 
ference on Reliable Electrical Connections, Univ. of Penn- 
svivania, Philadelphia, Pa., Sept. 11-12 1956, sponsored by 
Radio-Electronics-Television Mfrs. Assn. Engineering Pub- 
lishers, New York (1957), 103 pp. 


Railroad Repair Shops. Oxyacetylene in Railway Main- 
tenance, T.S. Bean. Welding Engr., vol. 41, no. 12 (Decem- 


ber 1956), pp. 30-32. 
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Resistance Welding. Reinforcement Mats of Welded 
Wire. Welding Engr., vol. 41, no. 12 (December 1956), pp 
$8, 52. 


Resistance Welding. Resistance Welding and Produc- 
tivity, J. E. Roberts. Welding & Metal Fabrication, vol. 24, 
no. Ll (November 1956), pp. 404-408. 


Shipbuilding. Hull Structures, J. Turnbull. /nstn 
Engrs. & Shipbldrs. in Scotland—Trans., vol. 100, pt. 4 (1956 
57), pp. 3801-306; (Discussion), 316-350. 


Shipbuilding. Atomic Subs One of Welding’s Most 
Important New Jobs. Welding Engr., vol. 41, no. 11 (Novem- 
ber 1956), pp. 57-58. 


Soldering. Solderability Test Standard. RETMA Stand- 
ard RS-178, February 1957. Radio-Electronics-Television 
Mirs. Assn. New York (1957), 2 pp. 


Soldering. Symposium on Solder. Am. Soc. Testing 
Vatls.—Special Publ. no. 189 (1957), 190 pp., $3.00. 


Soldering. Tips for Ultrasonic Soldering of Aluminum 
R. Reynolds. Light Metal Age, vol. 14, no. 11-12 (December 
1956), p. 16. 


Soldering. Soldering ‘‘Unsolderable’” Materials, J. 
McGuire. Tool Engr., vol. 37, no. 5 (November 1956), pp 
103-105. 


Steel Structures. Strength as Basis for Structural De- 
sign, B. G. Johnston. Am. Inst. Steel Construction — Prox 
1956), pp. 7-13. 


Testing. Experiments on Arrest of Brittle Cracks on 56- 
In. Wide Steel Plates, A. A. Wells, P. H. R. Lane and G 
Coates. Brit. Welding J., vol. 3, no. 12 (December 1956), pp 
554-570 


Testing. Notes on Brittle Fracture of Steels. Kngines 
vol. 202, no. 5253 (Sept. 28, 1956), pp. 443-447. 


Trailers. Mobile Homes Made on Production Line, W. H, 
Shelton. Am. Mach., vol. 100, no. 27 (December 17, 1956 
pp. 110-113. 


Tubes. Use Resistance Welding for Ultra-Thin Stainless 
Tubing. Industry & Welding, vol. 29, no. 11 (Novembe: 
1956), pp. 65-66. 


Welding. Recent Fusion Welding Developments in 
Soviet Russia. Welding & Metal Fabrication, vol. 24, no. 1! 
(November 1956), pp. 399-403. 


Welding Machines. Automatic Welding Machin 
Vachine & Tool Blue Book, vol. 51, no. 12 (December 1956 
pp. 129-130, 132-133. 


Welding Machines. Utilities Surround Welding Ma- 
chines, J. Joseph. Welding Engr., vol. 41, no. 12 (December 
1956), pp. 37-388, 41. 

Zirconium. Welding Zirconium Requires Special Tech- 


niques, W. R. Gall. Am. Mach., vol. 100, no. 28 (December 
31, 1956), pp. 65-67. 
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Watchdog on mounting costs 


kICES Of common materials keep going 
Pw Many new alloys are costly. Hence, 
rough castings become more expensive 
Even more, the cost of machining time 
keeps mounting. No one can afford to have 
it wasted by waiting for the tool to locate a 
void or detect 
So now is a good time to re-examine the 
importance of radiography. To suppliers it 
gives the assurance that only a quality prod- 
uct is delivered. To processors it gives the 
confidence that man and machine time will 


be productive—not wasted. 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N. Y. 


foday, million-volt x-ray equipment radio- 
graphs heavier parts with shorter exposures 
Che use of radioactive isotopes makes pos 
sible a radiographic department at moderate 
cost. And the new Kodak Industrial X-ray 
Film Type AA 


of the previous film 


with up to twice the speed 


wide ns the scope ol 


all radiographic equipment 


If vou would like to know how radiog- 
raphy can save you money— how it can keep 
the quality of castings high—have a serious 
talk with vour Kodak x-ray dealer or 


Kodak technical representative 
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prepared by Verne L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington, D. C. 


2,778,925 -ELecrricaL DiscHarGE Cut- 
ring Macnine—John G 
Henry Gill, Cineinnati, Ohio, assignors 
to the Cincinnati Milling Machine Co., 


Cincinnati, Ohio, a corporation of ¢ Ihio 


Gross and 


In this patent, a specialized machine for 
trepanning holes or slots in a work surface 
by electrical discharges 1s disclosed 


2,778,926 —Metruop ror WELDING AND 
SOLDERING BY ELECTRON BoMBARD- 
MENT -Wilhelm Schneider, Frankfurt- 
am-Main, Germany, assignor to Licentia 
Patentverwaltungs G. m. b. H., Berlin- 
Grunewald, Germany. 

This welding method is for producing 
systems having a unidirectional electric 
conductivity. A erystal means from the 
croup comprising silicon and germanium 
and «a contact means are placed in contact 
with each other and surface portions are 
joined to the contact means by bombard- 
ing such surface portions by electrons 
This bombardment is such as to heat these 
surface portions and produce a permanent 
connection between the surface layer por- 
tions of the contact and erystal means. 
2,778,927 —WeELpING Rop Ho_prer—Wil- 

liam Martin Warren, Dallas, Tex. 

This novel welding rod holder includes a 
tubular frame member having a pair of 
parallel arms at the forward end of such 
frame member. A wheel is disposed be- 
tween these arms and has a diametrical 
opening therein for receiving a welding 
rod therein 
plete the welding rod holder 


Special control means com- 


2,778,928 -Wevpver’s Heimer anp Arc- 
CURRENT CONTROLLING APPARATUS 
Edward S. Morrell, Chippewa Falls, 
Wis., assignor to George Toebe, Chip- 
pewa Falls, Wis. 

This patent covers the combination of a 
welding helmet with a movable shutter and 
an are circuit controlling apparatus. The 
apparatus includes an electromagnet for 
moving the shutter into an eye protecting 
position after which a second electromag- 
net will close the main switch in the are 
welding circuit 


2,779,674 —Metuop or Removinc Cop- 
PER FROM Brazep Joints —Arthur T. 
Cape, Los Angeles, Calif., assignor to 
Superweld Corp., North Hollywood, 
Calif., a corporation of California. 
Cape’s special method is for treating 

copper-brazed steel parts to dissolve the 
copper without attacking the steel. The 
method includes the step of treating the 
parts with nitrie acid and a solution con- 
taining gold ions in an amount effective to 
inhibit the attack of the steel 


2 770,857 ARRANGEMENT FOR MACHIN- 


mid 


ING ConpuctTivE MatTertaL THrouGu 

ELecrric Discuarces— Nicolas Miro- 

noff, Geneva, Switzerland, assignor to 

Ateliers des Charmilles S.A., Geneva, 

Switzerland, a corporation of Switzer- 

land. 

This apparatus performs a machining 
action by suecessive spark discharges and 
it includes a storage condenser adapted to 
discharge when an electrode and a work- 
piece connected thereacross are separated 
by an insulating medium. The circuit in- 
cludes servo means for controlling the 
spacing between the electrode and the 
workpiece in such a manner that the volt- 
age drop across the servo means is depend- 
ent upon the actual discharge voltage of 
the condenser. The servo means responds 
to any variation in the voltage drop across 
the electrode and the workpiece brought 
about by increase or decrease in the spac- 
ing between these members 
PRODUCING 


ATTACHING ELE- 
Albert 


2, 79,858—-Metuop 
MENT AND WELDING THE SAME 
F. Pityo, Cedar Grove, N. J 
This patent relates to a specialized 

method of forming metallic ribbon-shaped 

attaching elements and securing them to a 

metal part. 

2,779,859 —-Stup Device 
Thomas EF. Shoup, Amherst, and Roger 
W. Sholle, Lorain, Ohio, assignors to 
Gregory Industries, Inc., Detroit, Mich., 
a corporation of Michigan 
An electric circuit for a stud welder is 

disclosed in this patent and such circuit is 
adapted to lift a stud from a workpiece 
to draw an are therebetween. The circuit 
includes a first circuit with a lifting coil 
therein for lifting the stud from the plate 
and striking an are therebetween, and a 
second circuit is provided to maintain the 
welding are between the stud and the plate 
and it includes a holding coil to maintain 
the stud in a lifted position. A control 
circuit is operatively connected with the 
first and second circuits to maintain 
energization of at least one of the coils to 
keep the stud lifted while effecting de- 
energization of the welding are. 


FOR Con- 
pucTING-WrREs, EspEcIALLY DESIGNED 
FoR HEATING AND CoaTING- 
MATERIALS APPLIED TO WELDING Rops 
Harold Strohmeier, Kapfenberg, 
Steiermark, Austria 
This patent relates to a device for tem- 
porarily applying electric current to each 
of a succession of conducting members. 
The device includes an endless belt con- 
vevor for carrying a succession of conduct- 
ing members and two endless contacting 


Abstracts of Current Patents 


belts disposed on opposite sides of the belt 
conveyor. Each of these contacting belts 
includes a series of mutually insulated elec- 
trically conducting contact parts. Other 
means are provided for applying current to 
mutually opposite contact parts as they 
are contacting each of the conducting 
members. 
2,779,999 


Meruop or Coprer BRAZING 
Willard M. Boam, Fairlawn, and 
Herman H. Hanink, Ridgewood, N. J., 
assignors to Curtiss-Wright Corp., a 
corporation of Delaware. 

The patent relates to fabricating a strue- 
ture from a plurality of steel parts contain- 
ing between 0.5 and 5.0°, of chromium. 
First the entire surface of each of the parts 
is plated with nickel and the nickel plated 
surfaces of the parts are placed in sub- 
stantially abutting relation with a clear- 
ance therebetween of approximately 0.001 
in. Thereafter the surface portions are 
brazed together at a temperature of at 
least 2000° F. 


2,780,194 INTERNAL Back-Up CLame 
FoR —Althos M. Cros- 
well, Shreveport, La., assignor, by 
mesne assignments, to A. ©. Smith 
Corp., Milwaukee, Wis., ft corporation 
of New York 
This patent relates to an internal align- 

ing clamp for use in welding the joint be- 
tween adjacent ends of two tubular sec- 
tions. The clamp includes backing shoes 
and chill segments adapted to be brought 
into tight engagement with the inner sur- 
face of the tubular sections 


2,780,716 —CoreE MANUFACTURE— Mi- 
chael Wasilisin and Donald E 
Wernz, Baltimore County, Maryland, 
assignors to the Glenn L. Martin Co., 
Middle River, Md., a corporation of 
Maryland. 

The present patent relates to a method 
of making seam-welded honeycomb cores 
The method comprises the steps of placing 
a section of corrugated metal foil on a set 
of spaced, horizontally disposed fingers of 
electrically conductive material so that the 
lower portions of the corrugations extend 
down between the fingers while the upper 
portions of the corrugations rest on the 
fingers. A second set of fingers are placed 
in the lower portions of the section of cor- 
rugated metal foil on the first fingers and a 
second section of corrugated metal foil is 
placed on the second set of fingers so that 
the lower portions of the second section 
are in alignment with and contact the 
upper portions of the first mentioned sec- 
tion. Thereafter a welding current is 
passed through the sections to weld them 
together. 
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IRON POWDER LOW HYDROGEN ELECTRODES 
FOR DOWN HAND 


NEW ATOMeARC DH Electrodes deposit up to 12 pounds 
of weld metal per hour with X-ray quality and physical 
properties equal to class E-7016 electrodes. 


: Just imagine, the visibility and flexibility of metallic 
arc welding with welding speeds and deposition rates 


comparable to semi-automatic submerged arc weld- DH-6 


ing .. . and without messy fluxes or cumbersome 


equipment to handle. These advantages are yours ALLOY RODS COMPANY 


with these new electrodes. | 
P.O. Box 1828, York, Pennsylvania 
ATOM: ARC DH-9 FOR DOWN HAND WELD- 
ING AND HORIZONTAL FILLETS deposits X-ray Alloy Nome 
quality weld metal at the rate of 9 pounds per hour 
at 300 amps. Burn off rate is 12.4 inches per minute. / ie . 


ATOM:ARC DH-12 FOR DOWN HAND 
WELDING deposits X-ray quality weld metal at the 
rate of 12 pounds per hour at 360 amps. Burn off 
rate is 11.9 inches per minute. 


Company 


Address 


* +++ * Mail coupon today for complete facts 
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Union Carbide and Three 
Divisions Change Names 


The name of Union Carbide and Car- 
bon Corp has been shortened to Union 
Carbide Corp. Stockholders approved 
this change at the Annual Meeting of the 
corporation on April 16th 

The names of three divisions of Union 
Car- 

has 


Carbide have also been changed. 
bide and Carbon Chemicals Co. 
become Union Carbide Chemicals Co.; 
Linde Air Products Ce. is changing its 
name to Linde Co.; and Carbide and 
Carbon Realty Co. will be known as 
Union Carbide Realty Co 


New Research Director 


The British Welding Research As- 
sociation has announced that Richard 
Weck has been appointed director of 
research. 

Dr. Weck is perhaps most widely 
known for his work on the fatigue prop- 


erties of welded joints. He is also 
chairman of the commission of the 
International Institute of Welding 
which deals with residual stresses in 


welded structures 


Western Warehouse 


The opening of a new western ware- 
house has been announced by All-State 
Welding Alloys Co., Ine., at 4933 Fire- 
stone Blvd., South Gate, Calif. The new 
facility was established April 1, 1957, 
and will handle the complete line of All- 
State's alloys and fluxes. It is under the 
direction of Harry Peacor 


New Gas Plant 


The first commercial oxygen manu- 
facturing plant in Mississippi was 
opened on May 15th by the National 
Cylinder Gas Co. 

The facility, which will also produce 
acety lene and nitrogen, is located in the 
Flowood industrial area of Jackson, 
adjacent to the mill of the 
Mississippi Steel Corp 

Fred C. Heppel, vice-president in 
charge of NCG’s southern division, said 
oxygen will be piped directly to the 
Mississippi Steel Corp. The NCG plant 
will also serve dealers and provide direct 
bulk oxygen delivery service to indus- 
trial users and hospitals throughout 
central Mississippi. 


new 
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ASTM Meeting 


The 60th Annual Meeting of ASTM 
was held June 16-21 at Atlantic 
City. The Chalfont-Haddon Hall was 
convention headquarters where 32 ses- 
sions were presented on 13 varied fields 
of material technology 


AFS Elects New Officers 


At the annual business meeting on 
May Sth in Cineinnati Harry W. Die- 
tert and L. H. Durdin were elected, re- 
spectively, to the offices of president 
and vice-president of the American 
Foundrymen’s Society. Elected — to 
serve three-year terms as directors were 
Henry C. Stenberg, A. A. Hochrein, 
William D. Dunn, Fred J. Pfarr, Karl 
L. Landgrebe, Jr., John H. Russo and 
Allen M. Schlichter 


Airco Schedules Plant 
Expansion 


Plans for a $3,000,000 expansion that 
will more than double the production 
facilities for gaseous and liquid oxygen 
at Lorain, Ohio, have been announced 
by John A. Hill, president of Air Reduc- 
tion Co. 

The expansion will boost daily ca- 
pacity from the present 985,000 cu ft to 
2,235,000 cu ft upon completion. 

Construction of the addition to the 
Lorain plant is expected to be under 
way by July, and will take about a year 
to complete. It is part of Airco’s $24,- 
000,000 general expansion program for 
1957. 


Rex Welder Co. Acquired 
by Peer, Inc. 


All assets of Rex Welder Co., Kansas 
City, Mo., have been acquired by Peer, 
Inc., Benton Harbor, Mich.. producers 
of heavy-duty, automatic high-produc- 
tion resistance, welding equipment and 
standard resistance welders. 

President Alton B. Parrott of Peer, in 
announcing the acquisition, said his 
company’s production facilities have 
been doubled as a result. 

Manufacturing and engineering facili- 
ties new are concentrated at Benton 
Harbor. Peer will continue to market 
welding equipment under both brand 
names: Peer and Rex, and no changes 
are planned in existing distributor or- 
ganizations. 


News of the Industry 


This huge steel igloo is actually an 
atomic energy reactor housing fabri- 
cated and erected by U. S. Steel's 


Consolidated Western Steel Division 
for the General Electric Co. Vallecitos 
atomic electric power plant near 
Pleasanton, Calif. 

When the atomic reactor is en- 
closed in the big steel shell, it will pro- 
duce heat to be transmitted to water, 
creating steam to drive a 5000 kw 
turbine. 

Consolidated Western workmen at 
South San Francisco fabricated 275 
tons of steel for the protective enclo- 
sure, on a contract from the Bechtel 
Corp. Every inch of weld underwent 
X-ray inspection in the field. 


COMING 
EVENTS 


A Calendar of Welding Activity 


AWS National Meetings 
1958 Spring Meeting and Welding 


Show: 
April 14-18, Statler Hotel, St. Louis, 
Mo. 
ASM 
Nov. 4-8, 1957. Thirty-ninth Na- 


tional Metal Exposition & Con- 
gress, concurrently with Second 
World Metallurgical Congress, In- 
ternational Amphitheatre, Chicago, 


Til. 
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Crushing 60,000 lbs. per week 


of glass-sharp, extremely abrasive material 
is the job of these hammermill hammers. No 
wonder they become rounded and worn, as 
shown below ... lose their cutting efficiency, 


require regular build-up. 


HARDFACING WITH AMSCO*® SUPER HF-20 
doubles service life... cuts electrode costs 


Welding Flux Processing, Chicago Heights, 
Illinois, know a good thing when they see one. 
That’s why they’ve switched exclusively to 
Amsco Super HF-20 Electrodes for hardfacing 
of these hammers. They’re saving three ways: 


1. Service life of the built-up hammers and the 
mill housing itself has been doubled, because 
of Super HF-20’s high abrasion resistance. 


2. Super HF-20 electrodes cost about 40° less 
than the type previously used. 


3. Welding speed is stepped up. Super HF-20, 


an iron powder ‘“‘contact’”’ electrode, is easy 

to handle and gives a high deposition rate. 
In this and many other severely abrasive 
applications, Amsco Super HF-20 has proved 
its ability to provide superior wear resistance 
at low cost. Available from stock in %%” 
diameter, to handle hardfacing jobs of almost 
any size, 

Call your nearby Amsco Welding Distributor 
now for a demonstration of Super HF-20. Or 
write direct for technical data to: Amsco 
Welding Department, Chicago Heights, IIl. 


Amsco Welding Products distributed in Canada by Canadian Liquid Air Co., Lid. 
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NWSA Convention Acclaimed 


The National Welding Supply Asso- 
ciation held its thirteenth annual con- 
vention at the Hotel Mayflower, Wash- 
ington, D. C., from Mav 13th through 
the 16th. Six hundred and twenty-five 
distributors and manufacturers were on 
hand to elect R. P. Tarbell, AWS, presi- 
dent for the coming year. Mr. Tarbell 
is the president of Scott-Tarbell, Ine., 
Cleveland, Ohio 

Delegates enjoyed three business ses- 
sions, panel discussions, the Eighth An- 
nual Contact Booth Program in which 
09 manufacturers participated and nu- 
merous social functions 

The six Zone Vice-Presidents elected 
are: A. C. Axtell, AWS, Essex Welding 
quipment Co., Inc., Newark, N. J.; 
\. G. Thompson, AWS, Miami Welding 
Supply Co., Miami, Fla.; R. William 


Metzger, Compressed Gases (of 
Ohio), Ine., Cleveland, Ohio; R. 3. 
Mars, Jr.. W. P. & R. S. Mars Co., 
Duluth, Minn.; J. R. Stewart, AWS, 
Hill Equipment & Supply Co., Dallas, 
Tex.: George M Avery, Scott-Foster 
Ltd., Vancouver, B. C., Canada 


The new Directors, with terms ex- 
piring in 1960 are: W. P. McLendon, 
Keenan Welding Supplies Co., Albany, 
Ga.; W. T. Hart, AWS, Valley Welding 
Supply, Inc., Appleton, Wis.; Charles 
W. Berry, AWS, General Welding Sup- 
ply Corp., Mineola, N. Y.; Charles FE. 
Squibb, AWS, Welders Supply, Ine., 
Dallas, Tex. 

Senator William A. Purtell of Connec- 
ticut gave the keynote address in which 
he emphasized the importance and value 
to be derived from close manufacturer- 
distributor relations. 


"Brother, you haven't welded 
till you've tried this New SW2-M— 


in any position!— 


EVEN 
VERTICAL 
DOWN!" 


It’s the greatest development in E-6013 electrodes 
since that great, original Westinghouse SW! 

This new SW2-M has extraordinary arcing charac- 
teristics—excellent bead shape!—effortless slag removal! 


—really low splatter loss! It’s the easiest handling 
electrode ever! More than that, every operator who tries 
it says, ““The new SW2-M is great!” 


‘“‘No kidding—you, too, will have to weld with this one to 
believe it! I promise you a big surprise wken you weld with 
the new, Westinghouse SW2-M!”’ 

NEW SW2-M ELECTRODES NOW IN STOCK! READY FOR IMMEDIATE 
SHIPMENT! Call in your order today... you'll weld better tomorrow ! 


J-22081 


ONLY WESTINGHOUSE OFFERS THIS WELDING LEADERSHIP 


you CAN BE SURE...1F ITs Westinghouse 
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News of the Industry 


New Company 


A new welding supply company has 
been formed through the partnership of 
Frank Romano, AWS, and Jack L 
Tanner, AWS. The company is known 
as Tanro Welding Alloys Co. and is 


Frank Romano 


J. L. Tanner 


located at 194 Stone Ave., Yonkers 
N.Y. Mr. Romano, who was formerly 
chief welding instructor for Eutectiv 
Welding Alloys Co., announces that 
they will handle a full range of equip- 
ment, electrodes, gas rods and accesso- 
ries. Mr. Tanner has been associated 
with the welding industry for many 
years. During the past ten years he has 
concentrated on distribution 


Industrial Expansion 


A program calling for expenditure of 
approximately half a million dollars by 
Gregory Industries, Inc., at its Nelson 
Stud Welding plant in Lorain during the 
coming year has been announced by 
George E. Gregory, president 

This program will include building ad- 
ditions which will increase Nelson’s 
available floor space at Toledo Ave. and 
28th St. by nearly 50°F. 

Other expenditures authorized by 
directors of Gregory Industries last week 
include a substantial outlay to meet the 
greatly expanded power requirements of 
the enlarged plant and to provide in- 
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creased production equipment and tool- 
ing for a new lightweight stud welding 
gun which is expected to open up im- 
portant new markets for Nelson prod- 
ucts. According to Mr. Gregory. the 
entire program will be financed from re- 


tained earnings 


Airco Dedicates $7,500,000 
Facility 


In dedication ceremonies held on May 
27th, Air Reduction officially started 
production of liquid oxygen, nitrogen 
and argon at its new multimillion dollar 
air separation plant just completed at 
119th St. and Doty Ave. in the Lake 
Calumet section of Chicago 

The eeremony Was preceded by a 
guided tour through the plant, tracing 
the process by which the elements of the 
air are individually separated and puri- 
fied. 

Attending the affair were local city 
officials, 
firms and Air Reduction officials from 
New York and Chicago. Among them 
were Ninth Ward Alderman R. DuBois 
and D. B president of the 
Chicago Rock Island & Pacifie Railroad 
Co., both of whom welcomed Air Re- 
duction and commented on the com- 
contribution to the growth of 


executives from Chicago-area 


Je nks 


pany s 


the Lake Calumet industrial area 


New multimillion dollar air separation 
plant opened in Chicago on May 27th 


John A. Hill, president of Air Reduction 
Co. (extreme left), throwing switch to 
start the new plant. R. Du Bois, 9th 
ward alderman, and D. B. Jenks, presi- 
dent of Chicago Rock Island & Pacific 
Railroad Co. are looking on 


JuLY 1957 


John A. Hill, president of Air Redue- 
tion Co., Ine 
mendous growth ahead in the midwest 
industries Hy also 


pointed out that the new plant has been 


commented on the tre- 
metalworking 


designed so that it can be readily ex- 
At the conclusion of the cere- 

Hill threw the switch that 
The plant 
including related distribution facilities, 
cost in excess of $7,500,000 and is of 


panded 
mony, Mr 


put the plant ‘‘on stream.” 


completely modern design with push- 
button operation from an _ electronic 
control panel. 

This plant 
55 tons of high purity liquid oxygen, 


which will produce daily 


15 tons of liquid nitrogen and 31. tons 
2 


| 


of liquid argon—is the third large air 
separation plant completed by the com- 
pany Air Reduction already operates 
plants for the liquid 


sutler, 


production of 
oxygen, nitrogen and argon at 
Pa., and Riverton, N. .J., 

construction of similar air 
separation plants at Los Angeles. Calif 
and at Acton, Mass 


and W ill soon 


eomplete 


Motion Picture on Aluminum 


Aluminum is spectacularly presented 


in its role as the “chameleon of metals”’ 


in the latest addition to Aluminum 


Company of America’s library of sound 
motion pietures 

For 18 eve-filling nutes, viewers 
follow a Mian on a Skvhook”’ tl rough 
i ntast Dali-dream of form, color 


ure 1n a my? id of hues. A p- 
mendously 
today’s 


peal ol the 
imaginative 4s it portravs 


practicalities and tomorrow’s possi- 
bilities of 


Movie is” especialh 
illustrate 


design with the light metal 
contrived to 
aluminum’s versatile color 
and texture possibilities to designers 
architects and engineers 

Narrated by Walber Abel, the film 
is in 16-mm sound, with a 35-mm 
Kastman color negative available.  Or- 
ganizations desiring to borrow the film 
Motion Picture Section, 
Aluminum Companv of America, 1501 
Aleoa Building, Pittsburgh 19, Pa 


should write 


Growth Pattern Reflected 
in Resistance Welding 


In a survey just completed of its 18 
Welder Manu- 


Association figures covering 


members, the Resistance 
facturers’ 
the ten-vear period from Dee. 31, 1946 
to Dee. 31, 1956 show that capital in- 
vestment has more than doubled. At 
the beginning of 1947, invested capital 
in this segment of the industry totaled 
$6'. million dollars whereas this figure 
is currently about $14 million dollars 
In 1956, shipments went up 39% and 
Manu- 


facturing facilities have grown from 


new business increased 21% 


Vews of the Industry 


52S OOO sq it in 1946 to tl 


000 sq ft. During the sa 


pre sent §12.- 


ie decade the 


number of emplovees has increased from 
2000 to nearly 3000 

r} nbers « t! RWMA have 
consistently in the early months of 1957 
expressed an optimistic view of the im- 


mediate future of the resistance welding 


industry 


NCG Elects Corporate Officers 


Directors of National C 
Co. have elected vice-president James 
W. Dunham to the newlv formed post 


vlinder Gas 


W. W. Whitnell 


of chairman of the finance 
and elected secreta ind controller 
W. W. Whitnell as e-president of 
the corporation, according to Charles J. 
Haines, president 

Mr. Dunham joined National Cylin- 
der Gas Co.’s predecessor, the Keith 
Dunham Co after his graduation 
from MIT in 1926 and has served con- 


committee 


tinuously with the present company, 
where he has been in charge ol pro- 
duction, engineering and research. He 


is president of the Compressed Gas 
Association and a past president of the 
International Acetylene Assn 

Mr. Whitnell graduated from the 
Chicago Law School in 1926, joined 
National Cylinder Gas Co. in 1943 as 
controller and was elected secretary in 
1946 
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Wy... LINDE offers you another 
UNIONARC Magnetic 


Here, in brief, is how UN1IONARC Welding works: 
A bare steel wire electrode is unreeled through 
a flexible tube to the torch. Magnetizable flux, 
conveyed by carbon dioxide under pressure, flows 
through another tube. At the torch nozzle, the 
magnetic field produced by the current flowing 
in the electrode attracts the flux, which coats the 
wire as it feeds and melts in the are. In the are 
zone, four things take place: (1) The shielding 
gas and flux stabilize the are and protect the 
molten metal from contamination. (2) The 
molten metal is refined. (3) Desirable weld con- 
tour is obtained. (4) The flux blankets and pro- 
tects the finished weld as it cools. 
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FOR THE BEST IN ELECTRIC WELDING - _LOOK TO 
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modern welding method— 


Flux Gas Shielded Arc Welding 


UNIONARC is an entirely new method of 


welding steel in all manual positions... 


VERTICAL 


A completely new concept for manual 

\ welding of mild steel has been devel- 
oped by LinpeE. Called UNionarc Welding, the 
method uses a continuously-fed bare steel wire 
electrode, which is magnetically coated with flux 
and shielded by carbon dioxide. The torch can 
be easily handled in all welding positions—verti- 
cal, overhead, downhand. Manual welds can be 
made at higher speeds and at lower cost than 
with covered electrodes. UNIONARC Welding pro- 
duces high-quality welds in steel, even when 
moderate amounts of rust, scale, and moisture 
are present. 

Among the numerous advantages of UNIONARC 
Welding are these: Rate of operation is up to 
three times faster than with covered electrodes. 
There is no stopping to renew electrodes, since a 
single loading of wire can be fed smoothly and 
continuously for periods up to a week. Manual 
skill needed is no more than that required with 
covered electrodes. In vertical and overhead po- 
sitions, the deposition rate in UNIONARC Welding 
is two to three times greater than with covered 
electrode methods; in downhand positions, up to 
twice as great. There is practically no spatter— 


The terms 
“Untonmect,”” “Usronarc,” 
and are 


trade marks of Union Carbide Corporation. 


TRADE-MARK 


OVERHEAD 


DOW NHAND 


the little that appears is easily brushed away, 
leaving a clean, smooth weld. 

LINDE has made many notable contributions 
to welding. Among these are the introduction 
and development of submerged are welding 
(UNIONMELT Welding), non-consumable elec- 
trode, inert gas shielded arc welding (HELIARC 
Welding), and the development of Sigma 
(shielded inert gas metal arc) welding. LINDE’s 
newest method, UNIONARC Welding, is another 
first—a truly important contribution. Its sim- 
plicity and versatility make it unique. Its effi- 
ciency and economy have been proved in actual 
production work. Write now for details about 
Unionarc Welding, or call the LINDE office 
nearest you. 

LinpE Company, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, 
N. Y. Offices in other principal cities. In Canada: 
Linde Company, Division of Union Carbide 
Canada Limited. 
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New West Coast Plant 


The recent opening of Weldaloy Prod- 
ucts Co.’s new facilities in Burbank, 
Calif., was announced by J. A. O'Grady, 
president of that firm. 

O’Grady stated that the new plant 
will serve as headquarters for the newly 


created Weldaloy Western Div. This 
division will be headed and operated by 
qualified in all phases 


men thoroughly 
of resistance welding. 

The western division plant, according 
to O'Grady, was specifically established 
to serve Weldaloy Products Co.’s cus- 
tomers in the aircraft, ap- 
and the tube and pipe fabrica- 


automotive, 
pliance, 
tion fields. 

The plant housing the Weldaloy 
Products Co. Western Division facilities 
is located at 1209 Chestnut St., Bur- 
bank, Calif. 


lian 


for welding» 
stinning » cutting 


ALL-STAT 


INTERNATIONAL 


WELDING NEWS 


Canadian Council of IIW 
Formed 


Membership for Canada in the Inter- 
national Institute of Welding is now 
held by the Canadian Welding Bureau, 
Welding Society and the 
Department of Mines and Technical 
Surveys. In order to expedite and 
direct the activities of the ITW in 
Canada, these participating members 
have joined together to form a Cana- 
dian Council. This new Council will 
now direct and conduct the affairs of the 
Institute 
ada, 

The Canadian Council, which acts as 


Canadian 


and its Commissions in Can- 


a joint instrumentality for the sponsor 
bodies, had its first meeting on Friday, 


WEAR PROBLEM... 
Pes INSIDE OR OUTSIDE. 
SOLUTION! 


NO. 13 NICKEL SILVER 
BUILDUP ROD 


Users Report on Cams: “Using 
your No. 13 rod to build up such 
surfaces, we have had 8 to 5 
times the cam life.” 


Users Report on Wrist Pin Holes 
in 500-Ib. Pistons: “No. 13 enabled 
successful repair where 200 degrees 
more heat would spoiled 
everything. There was no warpage.” 


For Instruction Book on 62 alloys 
and fluxes write All-State Welding 
Alloys Co., Inc. White Plains, N. Y. 


ALL-STATE ALLOYS AND FLUXES 


REQUEST COMPLETE LIST OF THESE PRODUCTS FOR PROBLEM SOLUTIONS 


News of the Industry 


December 14th, in the offices of the 
Department of Mines and Technical 
Surveys in Ottawa. 


The purpose of this first meeting was 
to adopt rules and regulations governing 
the activities of the Council, to elect 
officers, to draw up a Budget and to 
appoint Delegates to 
Canadian Council at the 1957 Congress 
of the ITW. 


represent the 


The rules and regulations adopted 
dealt with the objectives, scope, mem- 
voting privileges and voting 
requirements, duties of the 
financial responsibilities and 
and responsibilities of Com- 
mission Delegates of the Canadian 
Council. A budget was adopted to 
remaining portion of the 
Council’s vear, 1.e., until Sept. 1, 1957. 
R. A. Dunn of the Canadian Welding 
Society was appointed Chairman and 
W. R. Stickney of the Canadian Welding 
Bureau was appointed Executive Secre- 
tary of the Council effective from Jan 
31, 1957 to Aug. 31, 1957. _H. 
son of Canadian Westinghouse, Mr 
Dunn and R. M. Gooderham of the 
Canadian Welding Bureau were ap- 
pointed to represent the Canadian 
Council at the 1957 Congress in Essen, 
Germany. Other members of the Coun- 
cilare W. P. Campbell and H. J. Nichols 
of the Department of Mines and Tech- 
nical Surveys, and E. A. Gill of the 
Canadian Welding Society. 


bership, 
meetings, 
officers, 

selection 


cover the 


Thomas- 


It is the work of the Canadian Coun- 
cil to serve the interests of its three 
sponsor bodies—Canadian Welding So- 
ciety, Canadian Welding Bureau and 
the Department of Mines and Tech- 
nical Surveys—and Canadian science 
and industry in the activities of the 
International Institute of Welding, and 
to officially act jointly on their behalf 
in such activities. The Canadian 
Council will strive to select official 
Chairmen, alternates and experts to 
serve on ITW Commissions, giving due 
regard to their ability to adequately 
represent the sponsor Bodies and the 
Canadian viewpoint on such Commis- 
sions, The Chairmen will be 
ble for organizing the work of the paral- 
lel Canadian Commissions. Through 
these parallel Canadian Commissions 
the Canadian Council will strive to pub- 
lish for its sponsor Bodies and _ for 
Canadian Industry the vast wealth of 
knowledge available through the Inter- 
national Body. 


responsl- 
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LATEST INFORMATION 
ABOUT USS STEEL 


Send the coupon for your FREE copy! 
It tells WHERE to use USS “T-1” Steel! 
WHEN to use it! HOW to use it! 


Get this newly revised 


compilation of technical 
and application data. 


It will help you 
design and work 
with this remarkable 
constructional 


alloy steel. 


i 


REMEMBER! 


No other steel possesses “‘T-1’s”’ re- 
] 7 markable combination of high yield 
strength, toughness and weldability. 
Send the coupon for complete facts! 


UNITED STATE EE PPLY DIVISION, WAREHOUSE DISTRIBUTORS 


USS J ALLOY STEEL 


Room 5623, 525 William Penn Place 
Pittsburgh 30, Pennsylvania 


“USS" and “T-1" are registered trademarks. Please send a copy of your new booklet, USS “'T-1.” 


NAME AND TITLE 
FIRM 


ADDRESS 
CITY STATE 


| 

UNITED STATES STEEL 
| 
| 


ES 
i 
22 
2 
z 
7 
4 NITED STATES STEE RPORATION. PITTSBURGH 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 
ee UNITED STATES STEEL EXPORT COMPANY, NEW YORK Ge, 
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Haile Appointed Linde 
President 


William M. Haile has been appointed 
president of Linde Co., a division of 
Union Carbide Corp., it was announced 
by Morse G. Dial. president of the cor- 
poration 

Mr. Haile joined Union Carbide in 


William H. Haile 


1925 when he went with the Linde Co. 
in the New Orleans office. He pro- 
gressed through the Linde sales organi- 
zation becoming manager of the East- 
ern Region in 1952 and vice-president 
of the company in 1955 

Mr. Haile was born in New Roads, 
La He received the degree of Bachelor 
of Science from Tulane University in 
1924 


Muller Made Assistant 
to President 


Albert Muller, until recently director 
of metallurgical research at the Air Re- 
duction Central Research Laboratories, 
Murray Hill, N. J.. has been appointed 
assistant to the president, Air Redue- 
tion Sales Co., a division of Air Reduc- 
tion Co., Inc 

In his new assignment, Dr. Muller 
will assist the president of the division, 
J. H. Humberstone, with respect to the 
acquisition and the development of new 
products and processes 

A vraduate of Rensselaer Polytechnic 
Institute, Troy, N. Y., where he re- 
ceived his Ph.D. in 1943, Dr. Muller is a 
specialist in the fields of ferrous and non- 
ferrous process metallurgy, welding and 
the development of high energy fuels 
and oxidants. 

Before joining Air Reduction in 1946, 
Dr. Muller was a research supervisor 
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Albert Muller 


for the National Academy of Sciences 
War Metallurgy Committee, Washing- 
ton, D.C. 

He is a member of the U. 8. Atomic 
Energy Commission Welding Commit- 
tee, Ordnance Advisory Committee on 
Armor Fabrication, and is chairman of 
the American Ordnance Association 
Welding Committee. In addition, he 
belongs to the AMERICAN WELDING 
Socrery, American Institute cf Mining 
and Metallurgical Engineers, the Elec- 
trochemical Society, British Institute of 
Metals and the British Iron and Steel 
Institute. 


Grotevent Promoted by Airco 


W. F. Grotevent, formerly plant 
superintendent of Air  Reduction’s 
Riverton, N. J., liquid oxygen plant, 
has been appointed works manager of 
the new Chicago liquid plant, it was an- 
nounced by Dale D. Spoor, AWS, re- 
gional vice-president of Air Reduction 
Sales Co. 

Mr. Grotevent joined Airco in 1936 at 


W. F. Grotevent 


Personnel 


Buffalo, N. Y., and in 1950 became 
plant superintendent of the Central 
Falls, R. I., oxygen plant. In 1953 he 
transferred to the Philadelphia District 
as assistant regional production man- 
ager. He became superintendent of the 
Riverton plant a vear later, and was 
appointed to his present post in April of 
this year. 

The new air liquefaction plant, sched- 
uled to begin production in June, is 
being built at a cost of more than $7,- 
500,000 (including related delivery 
equipment) and is designed to produce 
75 tons of high-purity liquid oxygen 
nitrogen and argon daily. The plant 
will serve the area within a 400-mile 
radius of Chicago. 


Mandel and Wade Named 


Stephen F. Mandel has been named 
Director of Market Development and a 
member of the Policy Committee by 
All-State Welding Alloys Co., Ine., 
White Plains, N. Y. His new duties in- 
clude responsibilities for advertising and 
other forms of sales promotion. 


Lee S. Wade 
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THIS HARD- FOR THESE APPLI- 
FACING ROD CONDITIONS FOR THIS EQUIPMENT CATION 


Ripper and ditcher teeth, dredge cutter blades, ACETY. 
VICTORTUBE Severe abrasion __ posthole augers, oil field tools, pug mill knives AC-DC ELEC. 


VICTORTUBE 5 a 
BARE-30-DOWN evere abrasion gricultural tools 


VICTORTUBE “SPECIAL” oe Oil field bits, rock bits 


VICTOR TUNGSMOOTH Thin cutting Augers, bits, blades, screw } conveyors, — tools 


VICTORITE sliding friction | Ferm carthmoving rigs 
FOR TUBE VICTORITE Abrasion, impact Plow points and face: tools 


MANUAL weseuue 1 Corrosion, heat, : — Chemical and food machinery, arbors, screw 


ACETY. 
APPLICATION abrasion _conveyors, soaking pittongs _ AC-DC ELEC. 


AC- oc ELEC. 


ACETY. 
AC-DC ELEC. 
ACETY. 
ELEC. _ 


Red heat, impact 
VICTORITE 6 corresion, abrasion dies, exhaust cams, steam valves 


VICTORITE 12 "ei Saw blade inserts and other critical applications 


VICTORITE CARBON ARC Plowshares, lister shares, sweeps 


Abrasion, Crushers, “dredge f pumps and cutters, dipper teeth, 
severe impact tampers, rollers, idlers AC- Elec. 


ACETY. 
AC- oc ELEC. 


ELEC. 


VICTORALLOY #1 Bucket lips, rock crushers, muller tires, gyratories Ac- 


per une Angular shock, extreme Clutch parts, gears, crusher plates, gyratory ELEC. 
VICTORALLOY “A impact, build-up _mantles, build-up for hardfacing ONLY 


Heavy impact, ¥ Tractor rollers and sprockets, shovel pads, plates, | ac-pe ELEC. 
. 
VICTORALLOY “B moderate abrasion idlers, etc. ONLY 


High abrasion moder- Tractor grousers, ‘pressure rolls, crusher segments, ELEC. 
hincesanennatel C ate shock and impact roll crusher teeth ONLY 


- mew Impact, compres- Drive sprockets and tumblers, rollers, idlers, 
VICTOR MULTI-PASS sion, build-up churn drills, clutch jaws 


AC-DC ELEC. 


hat’s proper Victor rod for your hardfacing needs ? 
THIS CHART GIVES YOU QUICK ANSWER 


Use it to select right rods for prolonging opérating life of your equipment. 
You'll be selecting rods that go on quickly and smoothly, thereby saving labor 
and downtime. Order from your Victor dealer TODAY. 


FrEE—For more detailed information on how to apply Victor hardfacing alloys 
to wearing parts, write us Now for your copy of Victor Hardfacing Manual. 


for hardfacing free. 
VICTOR EQUIPMENI COMPANY ° Alloy Rod & Metal Division 


fitable dealerships open; inquire now! 13808 E. Imperial Highway, Norwalk, California . . . . . . Wakita, Oklahoma 


THIS TYPE FOR THESE CONDITIONS ON THIS KIND OF EQUIPMENT 


#0 High abrasion, medium impact Crusher rolls, rock crushing equipment 


Abrasion, medium impact Crushers, scraper blades 


Abrasion, impact, Multi-pass application Steel mill applications, tractor idlers 


FOR Abrasion, light impact Mill guides, crushers, dredge bushings 


UTOMATIC & Multiple layer build-up Tractor rollers and idlers, sheave wheels 


MI-AUTOMATIC Heavy impact, abrasion Tractor rollers, idlers, mine car wheels, sheave wheels 


PPLICATION Medium abrasion, high impact Crane wheels, drums, roll necks 


Abrasion, high impact Build-up for hardfacing, mine car wheels 


Abrasion, high impact Roll crushers, scraper and grader blades, tool joints 


Extreme abrasion Tool joints, grader blades, scraper blades 


Manganese build-up Wherever manganese build-up needed 


| 
= 
ACETY. 
= ONLY 
ACETY. 
ONLY 
E [) 
VA #1 
VA #2 + 
= 
VA #7 
VA #8 
VT #60 
4:39 Mo-Mn 


Mr. Mandel received his A.B. from 
Dartmouth College and his M.B.A. from 
Leland Stanford University. He was 
York 
sponsible for market development and 
distribution sales for Fibreglas  rein- 


previously New manager re- 


forced plastic products 

Lee S. Wade has been appointed to 
the position of general sales manager 
by All-State Welding Alloys Co., Ine., 
White Plains, N. Y He relinquishes 
his duties as All-State regional manager 
for a large portion of the Midwest, a 
post he has held since 1955. He has 
been associated with selling and servic- 
ing All-State Alloys and Fluxes through- 
out his career with the company Mr 
Wade is a member of the AMERICAN 
WELDING Socrery 


Evans Promoted by 
Morgan Engineering 


Charles F. Simmers, vice-president 
engineering of the Morgan Engineering 
Co. of Alliance, Ohio, announces the 
promotion of I. W. Evans, AWS, to 
the post of chief engineer of cranes. 
Mr. Evans was formerly chief develop- 
ment and welding engineer at Morgan. 
He is a graduate from Ohio State Uni- 
versity where he received a B.S. degree 


|. W. Evans 


in welding engineering. Mr. Evans 
completed his graduate work in metal- 
lurgical engineering at Illinois Institute 
of Technology, where for a year he 
taught mechanical and metallurgical 
engineering He is a member of the 
Association of Iron and Steel Engineers, 
the American Society for Metals and is 
a registered professional engineer in the 
state of Ohio. He has recently been 
elected vice-chairman of Stark County 
Central Section of AWS. 


FOR WELDING AND 
CUTTING... 


IN THE 
RED DRUM 


HIGHEST 
QUALITY 


DUST-FREE 


Write for the name and address 


of the NATIONAL CARBIDE supplier neares? you. 


National Carbide Company 


General Offices: 150 East 42nd Street, New York 17, N. Y. 
INCORPORATED 


A DIVISION OF AIR REDUCTION COMPANY, 
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Jacobs Joins Denton and 
Anderson 


Denton and Anderson Co., direct 
representatives of the Taylor-Winfield 
Corp., Warren, Ohio, announce the ap- 
pointment of Robert M. Jacobs as sales 
engineer in their western New York ter- 
ritory with headquarters in Rochester 


with the resistance welding industry for 


Mr. Jacobs has been associated 


Robert M. Jacobs 


the past three vears and has just com- 
pleted a factory training program at the 
Taylor-Winfield plant. He holds a B.S. 
degree from Washington and Jefferson 
College. Mr. Jacobs is a member of the 
AMERICAN WELDING SOCIETY. 


Lutz Appointed by Resisto-Loy 


Kenneth V, Lutz, recently of White 
Plains, N. Y., has been appointed the 
manager of Resisto-Loy Co., Ine.’s 
western division, according to a recent 
announcement from the company’s 
president, W. C. MecLott, in Grand 
Rapids, Mich. 

Mr. Lutz, formerly vice-president in 
charge of sales at All-State Welding 
Alloys Co., Ine., will direct sales and 
service to distributors 
thoughout the 11 western states, western 
Canada, Alaska and Hawaii from his 
new home in Cupertino, Calif. He is a 
member of the AmericAN WELDING 
SOcIETY. 


users and 


Kenneth V. Lutz 
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Semi-Automatic Hard-Facing. 
AN ADVANCE IN THE WELDING FIELD 
pioneered by STOODY COMPANY 


One of the new developments in welding is the series of First to supply these alloy wires to the welding industry 
fabricated tubular alloy wires for application through the Stoody Company now produces the widest available selec- 
semi-automatic welder. Stoody Company pioneered this tion of alloys including one containing Borium (tungsten 
new process as a means of attaining higher deposition rates carbides ). The range covers alloys for most wear problems 
ind reducing costs. Wire feed is entirely automatic; a involving abrasion and impact. Deposits of these wires 
motor-driven roll feeds the continuous wire as the are is closely parallel analyses of similar manual and fully auto- 
struck, continuing until the arc is broken. The operator h matic electrodes. 

only to guide the feed nozzk 


Typical Semi-Automatic Welder 
feeding Stoody Wires for semi-auto- 
matic Hard-Facing 


Bulldozer End Bits: Cun be hard-faced in one 
third of time required by manual process. Stoody 
121 is recommended 


Crusher Rolls: An ideal application for Stoody The advantages of semi-: ‘ are numerous, 

100 because of excellent wear resistance and Welding speed is 2 to 4 times that of the manual method: there 

impact strength. Rolls can be hard-faced much are no stub end losses; savings in welding time and labor costs 

faster with semi-automatic welder. ire enormous; weldor fatigue educed. Wires are bare and 

' thus eliminate the need for flux and flux dams; the work is 

—I L™ visible at all times during welding. Low penetration reduces 
dilution of the deposit, assures maximum wear resistance, 

. which is usually superior to that of comparable manual deposits 


Stoody wires, relatively new in the semi-automatic field, 


Your Stoody dealer will 


be glad to demonstrate the mi-automatic process in your 


backed by more than 10 years of experience in the production 
| 


of wires for the fully automatic we 


own pl int 


STOODY COMPANY 


11927 East Slauson Avenue * Whittier, California 
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First Section of Welding Handbook, Fourth 


Edition, Now Available 


\ little over a year ago it was reported 
in THe JourNaL that the 
Wetpinc HANDBOOK was to be divided 
into five sections and one completely 
revised seetion would be published each 
vear. 

According to a recent announcement 
by Arthur L. Phillips, HanpBooxk 
K:ditor, the first section has been com- 
pleted. It is being printed now and will 
soon be available for distribution to 
eligible members 

Not only is the format new, but the 
book is modernized The type is 
larger, more easily read and is set in 
one column for convenience and read- 
ability. It is written in language suit- 
able for those who will use the HAanp- 
Book. It is technical without being too 
technical, and the bibliography at the 
end of each chapter provides an ex- 
cellent souree of material for further 
study. 

“THe Hanpsook,” Mr. 
Phillips points out, “has long been 
recognized as the most authoritative 
work available on welding and welding 
technology. It fills an ever-increasing 
need. The joining of metals plays such 
a Vital part in the economy and safety 
of our nation that it can no longer be 
regarded as merely a tool of industry 
It actually represents and is responsible 
for our way of life today. The impor- 
tance of a metal or alloy is no longer 
judged by its monetary value, strength 
or other properties, but by its weld- 
ability. A metal’s importance dimin- 
ishes in direct ratio to its resistance to 


available joining processes. Progress in 


metal joining techniques has been so 
rapid in recent years that it has been 
impossible for written material to keep 
pace with developments. Many tech- 
nical books are out of date by the time 
they are published and, despite all ef- 
forts, it has been impossible to bridge 
the gap between preparation and pub- 
lishing, development and printed text. 

“This gap, if not eliminated, has been 
reduced to reasonable proportions by a 
new concept in handbook publishing. 
Instead of a 2500-page handbook, which 
took five years to prepare, a single sec- 
tion has been written—which took one 
vear to prepare. The HanpBook has 
heen divided into five sections and one 
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Additional hard-covered copies of 
Section One are available 


section will be published each year for 
the next five years. At the end of 
this five-year period, each section will 
be revised and a revised section pub- 
lished each year for the next five years. 

“The advantages are obvious. Each 
section will contain up-to-the-minute 
information because revision will con- 
form to a continuous pattern. The 
flexibility of this format is such that 
should a need arise for information on a 
particular subject it could be covered 
in the current section instead of having 
to wait perhaps five vears until the next 
revision,” 

The first section contains the basic 
material needed by everyone associated 
with welding activities, metal joining 
or related fields. It is designed to be 
interpretive. The first volume contains 
11 chapters and over 500 pages. When- 
ever possible, information is reduced 
to tabular form in order to save space. 
Much of the material has been taken 
from company files—material never 
before published—and the task of gath- 
ering the material has been undertaken 
by hand-picked experts in their respec- 
tive fields. Only a technical society 
could obtain such authoritative infor- 
mation from acknowledged _ leaders, 
without having to pay a prohibitive 
price for it. Manufacturers, researchers 
and practical men have all contributed 
their quota in order that the welding 
industry as a whole might profit from 


New Literature 


The first section of the Fourth Edition 
as it will appear in its post binder 


their experience and knowledge. Lab- 
oratories and testing grounds have made 
available their findings, making the first 
section of THe Wetpinc HANpBOOK 
as authoritative and as up-to-date as 
possible. 

The tentative arrangement of the sec- 
tions in the Fourth Edition is as follows: 

Section 1: Basic Welding Practices 
and Fundamentals. 

Section 2: Gas, Are and Resistance 
Welding Processes. 

Section 3: Miscellaneous Metal Join- 
ing, Cutting and Maintenance Proc- 
esses and Practices. 

Section4d: Metals 

Section 5: Applications 

This system of grouping cf subjects 
has many advantages. All the infor- 
mation concerning a given subject will 
be available in a single section, It 
can be removed for study without hav- 
ing to carry the entire HANDBOOK every 
time the subject has to be studied away 
from the office. 

The first section contains: 

CHAPTER 1—Standard Welding Terms 
and Their Definitions. This is a dic- 
tionary of welding terms. To avoid any 
possible misinterpretation, the descrip- 
tive words, terms and phrases com- 
monly used in welding are defined 
When these words are used in the book 
they have one meaning only—the 
meaning defined in Chapter 1 
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XYRON 2-25 REPAIRS RR DIESEL ENGINE | 


A large break in the first cylinder of a 
600 horsepower diesel engine almost 
resulted in the loss of $10,800 by a 
Midwestern railroad. Attempts to 
repair the engine with conventional 
high heat welding materials failed 
because the block was thoroughly dirt 
and oil soaked and its tremendous size 
made pre-heating impossible. 

The railroad’s maintenance forernan 
was ready to recommend scrapping the 
engine when Eutectic’s District Engineer 


Piant, Research Laboratories and World Headquarters a 


Fig. 1 


suggested welding with patented Xyron 2-25, “Eutectic’s” newest and most 
advanced electrode for all types of grey and alloyed cast iron. Xyron 2-25 is 


Fig.2 
Welding machine was set at 100 amps, 
DC reversed. The weldor then used a 
stringer technique with short arc to de- 
posit 2” passes of Xyron 2-25. Peening 
after each pass relieved stress and slag 
was easily removed. 

Final results were excellent. Xyron 2-25 
produced dense, smooth, porosity free 
deposits at lowest amperages. (Fig. 3) 
Fast repair with Xyron 2-25 saved rail- 


road $10,800 replacement cost and avoided weeks of downtime. 


usable fast and cold and is the first 
non-cracking, porosity free, all posi- 
tion electrode for cast iron. 

Repair was begun by veeing out all 
broken surfaces with Eutec-Chamfer- 
Trode, high speed gouging electrode for 
all metals. (Fig. 1) Gouging with 
ChamferTrode provided a good surface 
for deposits of Xyron 2-25 and burnt 
out many of the impurities in the 
casting. After the broken parts were 
reassembled on the engine block, Xyron 
2-25 was used to tack weld. (Fig. 2). 
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HIGHEST STRENGTH JOINTS 
WITH EUTECTRODE 201 


Welded with patented EutecTrode 2101, 


the aluminum tine joints on this cement 
block unloader are up to three times 
stronger than joints of conventional alum- 
inum electrodes. Loads of close to a ton 
cause the tines to dip as much as eight 
inches without cracking. EutecTrode 2101 
quickly fabricated the block unloader, 
produced smooth solid deposits with good 
color match and high resistance to corro- 
sion, The first aluminum electrode with an 
extruded flux coating, EutecTrode 2101 
does not spatter or fume, produces a quiet 
arc at lowest amperages. EutecTrode 2101 
outperforms all conventional aluminum 
electrodes. (A-72) 


WAREHOUSE-SERVICE CENTERS IN ATLANTA, CHICAGO, HURON, PHOENIX, DALLAS, BERKELEY, AND OTHER LEADING 


INDUSTRIAL AREAS *® CANADIAN PLANT EUTECTIC WELDING ALLOYS COMPANY OF CANADA, LTD. 


EUTECTRODE 680 AC-DC 
AVERTS 10 WEEK STOPPAGE 


A Tennessee stamping plant faced an 8-10 
week production stoppage because of a 
cracked shaft on a 340 ton press. Replace- 
ment was estimated at $15,000. But down- 
time was averted and replacement cost 
saved by using EutecTrode 680 AC-DC 
and Eutec-ChamferTrode to repair the 
shaft at a cost of only $37 in materials. 
Eutec-ChamferTrode, high speed gouging 
electrode, was first used to vee out the 
crack, which extended 6” through the 12” 
shaft. EutecTrode 680, patented high 
tensile electrode for very high alloy and 
carbon steels, was then applied. Eutec- 
Trode 680 welds were applied at lowest 
amperages. (A-73) 


IN MONTREAL: 


In answering industry’s requests for 
technical data, Eutectic’s research and 
engineering staffs help industry save 
thousands of dollars each year. Your 
questions, like these below, will be 
answered without obligation by Eutectic’s 
Technical Information Service. 


Q. My company’s welding manual makes 
reference to the use of solder in the repair 
of lamp socket contacts. EutecRod 157 
with Eutector Flux 157 was recommended 
to us for this application. Will you advise? 
We would like to incorporate this infor- 
mation in our manual for future use. The 
fact that this soldering is performed by 
unskilled personnel should be considered. 


A. EutecRod 157 is considered an ideal 
recommendation. Since this alloy has an 
extremely narrow plastic rapid 
solidification takes place, assuring a good 
build-up. It is therefore easier to handle 
by the unskilled. Deposits are harder and 
have higher electrical conductivity than 
conventional solders. This means greater 
resistances to pitting and general wear. 
Since the alloy has a higher solidus tem- 
perature, the possibility of plasticizing the 
build-up if accidental arcing occurs is 
virtually eliminated. Contacts also will 
remain bright and clean since EutecRod 
157 does not contain lead or other ele- 
ments than darken with age. Melting 
point is approximately 430° F. Electrical 
conductivity is 18 percent. 

Q. What is the electrical resistance of 
EutecRods 180, 800, and 1804? 


range, 


A. Electrical resistivity of all three is 
almost identical in that values of 23/24 
microhms per cubic centimeter are 
obtained on all tests. 
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Eutectic Welding Alloys Corporation 
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CHaprer General Engineering 
Tables. In 
material as possible has been reduced 
to tabular form in order to give the 
maximum amount of information in the 
tables in this 
general nature 


specifically to any 


each chapter as much 


space available The 
chapter are of a more 
and do not apply 
single chapter 

Fundamentals of Weld- 
ing Metallurgy. Simply and interest- 
ingly told is the storv of metals, their 
composition, manufacture and 
This is almost a text in it- 
It will be 
useful to the engineer 


CHAPTER 3 


alloys 
structure 
self on welding metallurg’ 
found equally 
who needs the basic facts and the stu- 
dent who is introduced to the subject 
for the first time 

Welded 


fatigue and corrosion 


Cuaprer 4-—Properties ot 
Impact, 
resistance are properties which can pre- 
vent breakdowns and failures and im- 
prove the service life of a part or prod- 
uct. This is important reading for all 


Joints 


concerned with design 

CuHaprer 5—Thermal and Mechanical 
Treatment of Weldments. This chapter 
covers the thermal treatments in regular 
use for the improvement of the proper- 
ties or performance of a welded joint. 
The controversial subject of peening is 
discussed and the findings of the Weld- 
ing Research Council are cited. The 
safety and efficiency of a weldment are 
of ‘primary consideration and the ther- 
mal treatment selected should be based 
upon a clear understanding of the service 
conditions involved 

CHaprer 6— Design of Welded Joints. 
The importance of design cannot be 
overemphasized. Correct joint design 
can help to control distortion, reduce 
shrinkage cracking, facilitate good work- 
produce sound welds 
economically. This chapter indicates 
the correct joints to be used with the 
various welding processes. It explains 
when they should be used, the tvpe of 
loading and alternate designs for maxi- 


manship and 


mum efficiency. Illustrations show how 
poor design can restrict production and 
how a simple change in design can in- 
crease both production and efficiency. 

Cuarrer 7—Factors and Data In- 
Kstimating Costs. Esti- 
mating costs correctly is vitally im- 
portant to all companies, large and 
This chapter shows how certain 
Short 
cuts are given and a special section is 


volved in 


small 
companies handle this problem 


devoted to job shop operations 
CuHaprer &—Inspection of Welding. 
The principal methods of inspection 
currently in use are described These 
include: hardness tests, nuclear-energy 
welding inspection, ultrasonic, proof and 
destructive testing, radiography, mag- 
netic particle and penetrant inspection, 
metallographic tests, chemical tests and 
the various forms of visual inspection. 
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Standard Metallizing Symbols 


With the shortage of technical per- 
sonnel, time savers are more important 
than ever. This accounts for the in- 
creased use of symbols for standard 
At the same time, 
use of standard symbols provides the 
advantage of more certain interpreta- 
tion of requirements shown on a draw- 
written 


industrial practices 


ing than does the use of long, 
instructions 

With publication of the Standard 
Metallizing Symbols, it is now possible 
metallizing requirements 
simply yet accurately. These symbols 
result from the joint efforts of the 
American WeLpiInG Society Com- 


to specify 


mittee on Metallizing and the Canadian 
Government Specifications Board Com- 
mittee on Metallizing. Full details ar 
provided for developing metallizing 
symbols to specify all of the operations 

surface preparation, extent of metal- 
lizing, thickness of coating and method 
of finishing. Typical 
included to illustrate use of the complet 


examples ure 
mbols 


Vetallizing 
SL.OO 


Copies of the Standard 
Symbols may be obtained at 
each from the AMERICAN WELDING So- 
ciety, 33 W. 39th St.. New York IS 
N.Y 


Defects common to welding are illus- 
trated and the cause and effect ex- 
plained. 

CHaprer 9—Standard Methods for 
Mechanical Testing of Welds. This 
information is included to indicate re- 
quirements for specimens, testing pro- 
cedure and the method of obtaining the 
properties. 

10—Statistical Control of 
Weld Quality. More and more com- 
panies today are relying upon statistical 
analysis to determine the degree of 
quality control necessary to obtain a 
desired result. This chapter explains 
statistical control in simple language 
and gives examples of how it is being 
applied. 

CHAprerR 11—Safe Practices in Weld- 
ing and Cutting. All 
gaged in industrial activities are con- 
cerned with safety measures. The 
measures cited are for the safety and 
protection of those engaged in welding 
and cutting Some are 
mandatory, but all have been developed 


personnel en- 


operations. 


to give adequate protection 

The Fourth Edition of Tot WeLpine 
HANDBOOK is intended to be the most 
comprehensive work on welding ever 
published by the AMertcaN WELDING 
Society. The first section reveals the 
pattern. It indicates how extremely 
wide will be the coverage of each sub- 
ject and how exhaustive the technical 
information. 

Copies are now available at a cost of 
$9.00 per volume from the AMERICAN 
WELDING Society, 33 W. 39th St., 
New York 18, N. Y. 


Safe Practices 


The National Safety Council points 
out that if conditions or practices in 
hand soldering and brazing are not con- 
trolled properly, many hazards may re- 
sult. These include lead poisoning, 


New Literature 


burns, dermatitis, fire and irritation 
from fluxes. 

That and more general information is 
given in recent Council Data Sheet D- 
445, “Hand Soldering and Brazing,”’ ol)- 
tainable from the National Safety 
Council, 425 N. Michigan Ave., Chicago 
11, Tl. 


Aluminum Bus Conductors 


A handbook on the properties and 
uses of aluminum bus conductors is 
available from the Aluminum Company 
of America. Entitled ‘‘Aleoa Aluminum 
Bus Conductor Handbook,’ the 280- 
page work presents facts and figures for 
engineering and maintenance of bus in- 
stallations. It contains 69 graphs, tables 
and photographs. Free copies may be 
obtained by writing on company letter- 
head to Aluminum Company of America 
793 Alcoa Bldg., Pittsburgh 19, Pa. 


Low-Temperature Brazing 


Handy & Harman has announced 
publication of a new bulletin, Handy 
News. This four-page booklet contains 
illustrated information on various facets 
of low-temperature brazing. Copies ot! 
bulletin No. 76 may be obtained by 
writing to Handy & Harman, 82 Fulton 
St., New York 38, N. Y. Copies of Bul- 
letin 23, which describe Handy Alumi- 
braze, are also available from the same 


source, 


Induction Brazing 


Bulletin GER-1332, technical article 
covers advantages of induction brazing. 
properties, formula for estimating power 
requirements and necessary tables for 
computing coupling efficiency for vari- 
ous metals and coil types. Available 
free from the General Electric Co., 
Schenectady 5, N. Y. 
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Ford Motor Company's Aircraft Engine Division was one 
of the first to use the Vickers Controlarc DC Welder. 

At the time this versatile magnetic-amplifier-rectifier 
welder was first introduced, Ford had just completed a 
survey of all the welders on the market. From this study 
followed recognition of the need for a welder that would 
provide: better arc stability, retention of arc characteristics 
under line voltage fluctuations, wider current range and 
good performance at very low currents, quick speed 
of response and recovery from arc short, control of volt- 
ampere curve and easy remote foot control. It was evident 


Controlarc’ 
the Versatile DC Welder 


that a true magnetic amplifier welder would most closely 
meet the special requirements of their aircraft fabrications. 


Today, many companies in the aircraft industry acknowl- 
edge the excellent performance characteristics of the 
Controlarc, and have accepted this fine machine in the 
fabrication of aircraft, guided missiles and nuclear com- 
ponents. 


From exacting aircraft requirements to simple, rugged 
heavy load air-cutting—the Vickers Controlarc can do a 
job for you. 


WRITE TODAY for information. 
Represented in Canada by: 


VICKERS INCORPORATED 
STREET 


1853 LOCUST 


JuLY 1957 


Williams & Wilson, Limited— 
Montreal, Toronto, Quebec City, 
Ottawa, Windsor and Cornwall 


General Welding & Industrial 
Supplies, Limited— 


Toronto *Trademarks 


aunit of Sperry Rand Corporation 


SAINT LOUIS 3, MISSOURI 
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Air Carbon-Arc Cutting 


\ 36-page booklet has just been re- 
leased by the Areair Co., Lancaster, 
Ohio and Bremerton, Wash. This is the 
first complete manual to be written on 
the Areair process It contains sections 
on operating principles; current. re- 
quirements; detailed instructions on 
gouging, cutting, flushing and beveling; 
special techniques, stainless steel, cast 
iron, copper alloys, ete.; trouble-shooting 
chart; operating data; assembly pro- 
edure and applications for every in- 
dustry 

This pocket-size manual is fully illus- 
trated and indexed for easy reference. 


It is available from the Areair Co. at 25 


ents a copy. 


A ronson 


Gas Regulators 


A new 40-page catalog covering their 
complete line of pressure regulators for 
industrial compressed gases has just 
been made available by Air Reduction 
Sales Co. 

Entitled “Gas Regulators,’ Catalog 
806 deals with various types of cylinder, 
manifold and pipe-line regulators, both 
single- and two-stage, and a variety of 
specialized equipment such as labora- 
tory and metering regulators and gas 
proportioners. Flow and pressure charts 
in graph form give data on the perform- 
ance of the regulators 

In addition, related equipment—such 
as station valves, adapters, hose con- 
nections and pressure gages—is_ illus- 


HEAVY DUTY GEAR DRIVEN POSITIONERS... 


on the flat steel top. 


No Other Type Construction can afford Pe 
the Rigidity and Strength, and provide = 
the Necessary Backbone for the mecha- 
nism that guarantees the user of an 
ARONSON POSITIONER the Fastest, 
Highest Precision Welds, and with 


Complete Safety. 


another Quality 


POSITIONER bY 


HD Models of ARONSON WELDING 
POSITIONERS feature the basic BOX 
TYPE CONSTRUCTION with its advan- 
tage of extreme RIGIDITY — Holds 
your weldments Steadier and Safer — 
Affords Protection of Motors and 
Controls which are mounted inside the 
Box Chassis, out of harm’s way — and 
provides WORKING PLATFORM area 


With Table in the Flat Position and 
with Table Height at Minimum Setting, 
there is nothing projecting above the 
top of the chassis to limit the diameter 
of work you can swing, no column to 
get in the way, nothing for the weld- 
ment to smash into! 


4-POST ADJUSTABLE BASE carries 
out the advantages of the Box 
Design, affording maximum effective 
Column of Support many times 
single post design. 


Write for detailed engineering data 


lrons MACHINE COMPANY 


ARCADE, NEW YORK 


New Literature 


trated and discussed, 

A copy of the catalog may be ob- 
tained by writing Air Reduction Sales 
Co., a division of Air Reduction Co., 
Inc., 150 FE. 42nd St., New York 17, 


Semiautomatic process 


The Linde Co. announces the avail- 
ability of the three following booklets 
on their recently released Unionare 
process. 

“A Better Way to Weld Steel,’’ 
Bulletin F-1060, 8 pages. Features 
comparison of covered electrode welding 
to “Unionare’’ welding. 

“New Continuous-Feed Are Weld- 
ing,”’ Bulletin F-1076, 4 pages. Devel- 
opment and application of ‘Union- 
are’? welding process in industry. 

“Unionare Welding Process,’ Bul- 
letin F-1066, 8 pages. Technical article 
describes weld quality obtained from 
new “‘Unionare” welding process. 

The three booklets are available free 
on request from: Linde Co., Division 
of Union Carbide Corp., 30 EF. 42nd 
St., New York 17, N.Y. 


Positioners 


Aronson Machine Co. announces that 
a new bulletin, No. HD57, on gear- 
driven positioners is now available 
This brochure consists ot complete de- 
scriptions, specifications and optional 
extras for eight different models of gear- 
driven welding positioners ranging from 
500 to 24,000 Ib capacity. 

Free copies may be obtained by writ- 
ing to the manufacturer, Areade, N. Y 


Tubular Equipment 


Copies on two new data folders on 
tubular equipment are available free 
from the Tubular Products Division of 
the Babcock and Wilcox Co., Beaver 
Falls, Pa. Bulletin TDC-138 contains 
two tables: one lists dimensional data 
for 16 sizes of pipe from '/, to & in 
nominal size for six different weight 
schedules showing OD, ID, wall thick- 
ness and weights per foot and the other 
table covers ASTM, ASME Specifica- 
tions, showing title, grade, type and 
analysis for various carbon, alloy and 
stainless-steel pipe used for high tem- 
perature, high pressure and other serv- 
ices. An S-page bulletin, known as 
TDC-185, discusses the seamless ti- 
tanium metal pipe and tubing produced 
by the Division. This folder presents 
in detail the size range and tolerances as 
well as a complete description of the 
mechanical, physical and working prop- 
erties of the metal in tubular form. 
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color-coded! 


LIGHTING 


convenient — 
protective package 


Onxxy Sylvania has the complete line of 
tungsten electrodes for shielded arc weld- 


ing! Whichever gas you’re using and 
whatever type metal you’re welding— 
the four dependable Sylvania electrodes 
will effectively meet almost any condi- 
tion you may encounter. 


For greater economy, safety, and con- 
venience—Sylvania Tungsten Electrodes 
are color-coded. You can tell the type of 
rod merely by glancing at the end. Par- 
tially used rods, regardless of length, no 


2% Thoriated 
1% Thoriated 
Puretung’ 
Zirtung* 
*T-M 


the only 


longer need to be scrapped for lack of 
identification. And no longer do you risk 
ruining a costly job because of choosing 
the wrong electrode. 


Sylvania electrodes are cradled in a 
protective wood filler and packed ten to 
the box. Each package carries a color- 
coded label for easy identification. 
They’re available through leading weld- 
ing supply distributors only. 


SyLVANIA ELectrrRic PrRopucts 


‘Tungstenand Chemical Division, Towanda, Pa 


TUNGSTEN MOLYBDENUM - CHEMICALS PHOSPHORS SEMICONDUCTORS 


RADIO 


ELECTRONICS 


TELEVISION 


complete line 
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Welding Torches 


Three Oxweld welding blowpipes are 
described in a new six-page folder made 
Aceording to 
low- 


available by Linde Co 
the manufacturer, operation on 
pressure acetylene is the unique feature 
of all three blowpipes 
operation makes it possible to operate 
these blowpipes at acetylene pressures 


Low-pressure 


less than 1 psi, which is far below the 
pressure requirements of ordinary blow- 
pipes. Attachments that quickly con- 
vert these blowpipes from welding to 
flame-cutting operations on all thick- 
nesses Of metal up to 8 in. are also de- 
information and 
performance data on welding heads 
and cutting nozzles is also included 

Copies of this new folder may be ob- 
tained by writing to Linde Co., 30 FE. 
St., New York 17, Ask for 
Form 1007. 


scribed. Complete 


BRAZING MATERIAL 
COSTS CUT 24% to 38% 


NEW PHOS-SILVER-6M 
developed by Westinghouse 
SAVES ‘1.00 OR MORE PER POUN 


There is now a brazing alloy proving it- 
self superior to brazing materials costing 
3 to 4 times as much! 

It is the new Phos-Silver-6 M—made by 
extrusion methods!—blanketed under inert 
gas! This eliminates the oxides that cause 
most brazing troubles. And produces new 
versatility in a brazing rod, with excep- 
tional flow characteristics, remarkable 
ductility, and unsurpassed appearance of 
the finished work! 

Moreover, Phos-Silver-6M (as the 
new Westinghouse alloys), has been 


Automatic Welding Equipment 


Bulletin GEC-1334B includes appli- 
cation information, product features, 
specifications and illustrations of Gen- 
eral Electrie’s Fillerare automatic weld- 
ing equipment for consumable-electrode 
Available from 
Schenectady 5, 


gas-shielded welding 
the General Eleetric Co 
N.Y. 


Motor-Generator Welders 


Bulletin GEC-1453 includes detailed 
product descriptions, specifications, per- 
formance curves and other pertinent 
data on the General Electric Co.’s re- 
cently announced 300- and 400-amp 
motor-generator welders Available 
from the General Electric Co., Sehenec- 


tady 5, N. Y 


proved throughout stringent laboratory 
and shop tests, toughest production runs! 
Then, is now ANALYSIS CERTIFIED!—assuring 
you the same consistent, best possible 
brazing results! 

Order trial packages now! You'll 
standardize on Westinghouse Brazing 
Materials tomorrow! J-22082-A 


You CAN BE SURE...1F i's 
Westinghouse*™ 


AWALYSIS » . This exclusive Westinghouse Seal 


guorantees’ 
f 


you the correct 
ormulation of every rod! 


(CERTIFIED) 


Convenient packaging, 1 8” lengths, 1-Ib and 5-lb 
tubes. Standard 25-lb package, 36” lengths. 


Select from the Westinghouse MOST COMPLETE 
LINE OF BRAZING MATERIALS IN THE INDUSTRY! 


Phos-Copper®, Phos-Silver #2, Phos-Silver*, Phos-Silver- 
6M, Phos-Silver-15. These round, extruded rods give approxi- 
mately 20% more feet per pound than square rods of the same 
diameter! (Same alloys also available in rod form, wire in 
coils, or rings.) 


POWER-UP with W. 


dh 


ing materials! 
*Trade-Mark 
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Grinding Wheels 


The revised American Standard 
Safety Code for “The Use, Care and 
Protection of Abrasive Wheels, B7.1- 
1956” has received outstanding accept- 
ance in the metalworking industry 
The Grinding Wheel Institute reports 
that the initial printing of 87,000 copies 
is completely exhausted, necessitating 
an immediate reprinting. 

Copies of the revised Code may be ob- 
tained free of charge by writing the 
Grinding Wheel Institute, 2130 Keith 
Building, Cleveland 15, Ohio, on your 
company letterhead, 


Resistance Welding 


The new 24-page laboratory bulletin 
SP-18, of the Taylor-Winfield Corp., 
Warren, Ohio, illustrates resistance weld 
production developed by T-W’s research 
laboratory. Included are photos and 
descriptions of more than 300 different 
products mass produced by resistance 
welding. The new bulletin covers spot, 
projection, flash-butt, upset-butt and 
seam welding, electro forging and special 
applications in nonferrous metals, stain- 
less steel and aluminum and small parts 

For your copy, write to the manu- 
facturer at the above address 


REVIEWS 


OF NEW BOOKS 


German Engineer’s Handbook 


Hiitte, Bandi, Fertigung. Volume 1}, 
Production. Fifth Edition, 1957. 966 
pages, 53/, x 8'/, in. Cloth 
price (69.50 marks), approximately 
$17. Published by Wilhelm Ernst and 
Sohn, Berlin-Wilmersporf, Germany 

This volume of the renowned German 
handbook deals first with the properties 
and testing of materials, then with pro- 
duction processes and finally with the 


cover; 


machinery involved in these processes 
Nearly eighty contributed 
sections to the handbook. 

Welding, gas cutting and soldering 
are treated in the chapter on the shaping 
of metals, and also in the chapter on 
apparatus for shaping metals. The 
former section (36 pages) contains a 
great deal of useful information on all 
cutting and welding processes and lists 
all German standards concerned with 
each process. The latter section (13 
pages) describes equipment for gas, are 
and resistance welding. 


engineers 
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A GENERAL ELECTRIC FIRST... 


All-Positio 
Mild Steel with 


WE 


NOW...GET FAST, ALL-POSITION WELDING USING CO2 WITH EXCLUSIVE 
G-E FILLERARC GAS-SHIELDED PROCESS 


At last, you can weld mild steel 
with low-cost CO, without spat- 
ter and stillget deep penetration. 
General Electric’s Fillerarc 


equipment makes this possible. 


Compared with stick electrode 
welding, Fillerarc consumable 
electrode, gas-shielded welding is 
twice as fast, eliminates spatter, 
and needs no extra-close fitup. 
Fillerarc equipment is available 
for both automatic and semi 


automatic welding. 


Here are some more important 
reasons why you can now weld 
in any position faster and better 
with Fillerarc equipment: 


WELD WITH SMALL WIRE. Filler 
arc wire drive pulls wire as small 


as .035 inches into the easy-to- 


Reg trade-mork of Genera! Electric Co 


use gun. This size wire tends to 


kink with push-type apparatus. 


SPECIAL REACTOR permits five 
welding ranges for greater adapt 
ability in all applications 

plus better quality welds—with 


out spatter. 


FILLERARC GENERATOR with 
rising volt-amp_ characteristic 
holds a constant arc length, re 
gardless of changes in current. 
For more information about 
General Electric’s semiauto- 
matic Fillerarc welding process, 
contact your nearby G-E Weld- 
ing Distributor or Welding De 
partment Sales Office . . . listed 
in the yellow pages of your tele 
phone book. Or write for bulletin 
GEC-989, General Electric Co., 
Schenectady 5, New York. 713-11 


EXCLUSIVE FILLERARC WELDING technique is 
easy to learn. Even your new operators can 
begin making satisfactory welds in any posi- 


tion in less than ten minut 


EFFECTIVE ALL-POSITION WELDING with Fil- 
lerarc process using CO» on mild steel was 
proved by demonstration at recent AWS 
Show. Ask for your demonstration today 


Progress /s Our Most Important Product 
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Welding Head Manipulator 


Air Reduction Sales Co. has recently 
introduced a new welding-head manip- 
ulator and control console for longi- 
tudinal and = circumferential welding. 
The unit was engineered by Airco’s 


Machine Welding Department for the 
purpose of universal positioning of a 


welding head and accurate variable 
speed traverse of the head. 

The manipulator, of all-welded con- 
struction, is) especially designed for 
precision welding applications air- 
craft jet engine components and similar 
intricate parts. 

Both gas-shielded, tungsten-are weld- 
Ing and gas-shielded metal-are welding 
automatic heads may be mounted on 
the manipulator. 

The electrical console pro\ ides all 
the necessary controls for complete 
programming of the welding operation. 
Klectronic timers are provided — for 
sequence control. 

Detailed information may be ob- 
tained by writing Machine Welding 
Department, Air Reduction Sales Co., 
a division of Air Reduction Co., Ine., 
150 EF. 42nd St... New York 17, N. Y. 


Fibre Glass Face Shield 


Claimed to be the first with a fibre- 
glass spark guard is a new face shield 
developed by Sellstrom Mfg. Co., Pala- 
tine, Ill. The manufacturer says use of 
this material eliminates the moisture 
and heat absorbing characteristics that 
quickly distort or destroy ordinary face 
shields used in welding, grinding and 
other hazardous occupations. 

Besides its shape retaining qualities, 
the new face shield is said by the manu- 
fucturer to afford a larger window area 
than similar protectors; 
around the face is 19 in., with a choice of 
either S- or 10-in. window height. An 
easy operating ratchet adjustment pro- 
vides the plastic headgear with a com- 


coverage 
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fortable but exact fit to the head of the 
wearer. Windows, available in green or 
clear shades, are easily replaced; they 
are also supplied with an aluminum 
binding if desired. 

Further information on the new Sell- 
strom No. 328 Face Shield may be ob- 
tained by contacting the manufacturer. 
Address Sellstrom Mig. Co., Palatine, 


Ill. 


“Water Mizer’’ 


Van Vooren Products, 2133 9th St.. 
Kast Moline, Ul, announce that a 
new model “Water Mizer” has just 
been put into production. 

Some features of the new model are: 
Three Hi-Lo monitor outlet ports 
pilot monitor flow from each port ean 
be of different volume. This is ad- 


justed by a needle valve in each water 
circuit. 

Water at line pressure will flow from 
all ports when a weld is made or a ther- 
mostat calls for water. 

Pilot lights are on when valves are 
open, and a toggle switch on the panel 
controls power supply to the unit. 

For more complete details, write 
directly to the manufacturer at the 
above address. 


New Products 


NEW PRODUCTS 


D-C Welder 


Miller Electric Manufacturing Co 
of Appleton, Wis., have just released 
information covering their newest recti- 
fier type d-c welder. Featuring new 
transformer, new weld stabilized circuit 
and new completely sealed semimetallic 
rectifier, it’s claimed the “Gold Star 
SR” delivers maximum are stability for 


greater metal deposition with all elec- 
trodes in all positions. Claim is also 
made that this machine has ‘‘a higher 
short-circuiting current which makes it 
possible to ‘pinch the are’ in vertical and 
overhead welding.” 

effective immediately, all Miller SR 
series welders will be available only in 
the new Gold Star machines. Com- 
plete particulars on the Gold star SR 
will be sent upon request to Miller 
Klectric Manufacturing Co., Ine., Ap- 
pleton, Wis 


Brazing Alloys 


Special vacuum-tube grade silver 
and gold brazing alloys are available 
in production quantities from Handy & 
Harman. According to the manufac- 
turer, these alloys are designed spe- 
cifically for brazing electronic compon- 
ents in which the concentrations of 
metallic impurities must be kept to an 
absolute minimum. 

These alloys are carbon-free and mect 
all applicable industry specifications on 
maximum content of cadmium, zin« 
and other volatile elements not allow- 
able for vacuum-tube work. They are 
supplied in wire, strip and sheet form in 
all the usual gages. 

Further information about the vacu- 
um-tube grade brazing alloys can be 
obtained from the manufacturer, Handy 
& Harman, $2 Fulton St., New York 
38, N. Y. 
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L & THERMIT CORPORATION 


NERAL OFFICES: RAHWAY, NEW JERSEY 


META 
GE 


eel, Low Alloy, 


MUREX@ Electrodes mild 


minum Bronze, Cast Iron, Aluminum 


Stainless, Alu 


WELDING MACHINES 

for semi- and full-avto- 


AUTOMATIC — constant voltage, 
matic welding 


light or heavy duty, 


portable or stationary 


MANUAL — 


ACCESSORIES Holders, 
- 


fort D> 


cable, et¢. 


helmets, gloves: 
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Bifocal Accessory 


An aid for welders who wear bifocal 
glasses is a new optical accessory for 
welding helmet windows developed by 
the Sellstrom Mfg. Co., Palatine, II 
The “Sellstrom Magna-Weld Plate,”’ de- 
signed for use with personal glasses, fits 
behind the regular helmet filter lens 


~ 


where it is said to provide magnification 
for near vision throughout the entire 
“window” area 

Any standard welding helmet can ac- 
commodate the Sellstrom ‘“Magna- 
Weld,” according to the manufacturer. 
Made of precision ground and polished 
ophthalmic glass and securely mounted 
in a rugged frame, it will restore to the 
bifocal wearer the use of the large upper 
portion of his glasses. 

Additional information and copies of 
Bulletin 33-B can be obtained by writing 
direct to Sellstrom Mfg. Co., Palatine, 


Hours With Arcair 


Vancouver Iron Works, in British Columbia, uses the 
Arcair Process for removing excess metal from reaction- 
type turbine castings —‘‘used to take 14 hours to remove 
the 23," thick, 6’ high, 16’ long metal. Arcair does it in 


Welding Power Sources 


Two new power sources, designed 
specifically for 
yas-shielded welding, 
nounced by the General Electric Co.'s 
Welding Department 

Both the constant-are length and the 
constant-voltage motor generators are 
rated 450 amp, 60 cycles 

Two-high stacking of the new units 
makes possible considerable savings in 


consumable-electrode 
have been an- 


floor space, according to company en- 
gineers. Other features of both units 
are: redesigned fan and baffled § air 


11% hours and no cleanup is needed.” Savings on over- 4 (ae 


all preparation cost — 65%. This is typical of many jobs 
throughout industry where the Arcair process saves 
both time and costs. The process consists of a torch, a 


special type of electrode, ordinary shop air and an * 


ordinary D.C. welding machine. 


Arcair COMPANY 


P.O. BOX 431, LANCASTER, OHIO 
P.O. BOX 4227, BREMERTON, WASH. 


To help you cut costs over 
chipping and grinding, ask 
your Arcair dealer for an 
on-the-job demonstration, 
or write today for the 
case history booklet. 


New Products 


ducts for reduced noise levels; com- 
plete phase insulation of motor stators 
for increased life: oversized sealed bear- 
ings; and constant pressure brushes 
for correct settings. 

The special reactor for control of cur- 
rent peaks when welding with carbon 
dioxide and mild steel is available «a- 
optional equipment on the constant- 
voltage unit. 

For more complete details, write di- 
rectly to General Electric Co., Welding 
Department, Schenectady 5, N. Y 


Safety Glasses 


Ultra-modern lens styling features the 
new plastic frame safety glasses an- 
nounced by Chicago Eye Shield Co, 

According to manufacturer, frames 
are rigid and will retain their original 
shape without bowing. Nose pads are 


broad-bearing and give most comfort- 
able distribution of weight. <A choice of 
two colors is offered slate 
bluish gray) to eliminate light reflec- 
tion, or translucent flesh. 

The new glasses are available in three 
sizes —No. 375 44 x 37 mm; No. 376 
16x 39 mm and No, 377 48 x 41 mm, 


opaque 


High-Temperature Solders 


Two new high-temperature soldering 
materials have announced — by 
Aluminum Company of America. The 
new products are Aleoa Solder No. 805 
and Alcoa Soldering Flux No. 66. 

A high-zine solder (95% zine, 5% 
aluminum), the new product has been 
successful in joining heat exchanger re- 
turn bends, electrical connections and 
other similar applications. According 
to the manufacturer, it will join all 
aluminum alloys, and make joints be- 
tween aluminum and other metals such 


been 


as copper, brass, steel, stainless steel, 
nickel, ete. It has a melting range of 
715 to 725° F. 

Aleoa Soldering Flux No. 66, reeom- 
mended for use with the new solder, 
can be applied dry, or as a 70% flux-30% 
normal propyl! alcohol solution. 

Additional information concerning 
the new products can be obtained at the 
nearest Alcoa sales office, or by writing 
Aluminum Company of America, 795 
Aleoa Building, Pittsburgh 19, Pa 
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Power Supply Cable 


...it's worth engineered cable 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


Magnet Wire © Lead and Fixture Wire * Power Supply Cords, Cord Sets and Portable Cord ¢ Aircraft Wires 
Welding Cable ¢ Electrical Household Cords * Electronic Wires * Automotive Wire and Cable 
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Inert-Gas Holders 


Air Reduction announces their new 
line of manual and machine Heliweld 
holders. Heliwelding is Airco’s inert- 
vas tungsten-are welding process 

According to the manufacturer, light- 
water-cooled 


weight air-cooled and 


manual holders, it heavy-duty water- 
cooled manual holder and three new 
water-cooled machine holders for auto- 
matic and semiautomatic Heliwelding 
are now available 

More information about these holders 
may be obtained by writing Air Reduc 
tion Sales Co., Ine 150 42nd 


New York N 


Iron, Powder Electrode 


The availability of all-position 
:-6013 iron, powder type electrode has 
heen announced by the A. O. Smith 


Corp. The electrode has been desig- 


nated as SW-15 1. Po It is described as 
being the first all-position iron-powder 
electrode 

For complete details, write to the 
Milwaukee 1, 


company, ¢ 0 Box 


Wis 


Tip Cleaner 


A new tip cleaner has been manutae- 
tured by Easy Tip, Columbia, Mo 
The tip cleaners, 2° , in. long, are sol- 
dered onto a metal top and, aceording 
to the manufacturer, can be clamped 
into chucks for special drilling jobs 
\ set of twelve is packed in a plastic 
container. For further information 
write Easy Tip, Box 689, Columbia, 


Mo. 


TOS 


Pallet Lifter 
The Cady Metal 


announces a new series of pallet lifters 
designed to handle cartoned electrodes 
with hoists or cranes, thus eliminating 


Fabricating Co, 


the unloading of cartons individually by 
hand 

Standard models from one ton capae- 
itv and custom models are available 
to meet specifications. Complete in- 
formation is obtainable by writing to 
Cady Metal Fabrication Co.. North 
Tonawanda, 


Work Table for Induction 
Heating 


New self-contained, two-station work 
table designed with complete flexibility 
to perform hardening, brazing, annealing 
and soft soldering operations has been in- 
troduced by Welduction Corp., 10230 
Capital Ave., Detroit 37, Mich. Stand- 
ard units are equipped with 220, 440, 3- 
phase motor gencrators available in 
ratings from 7'/s to 30 kw. The work 
table has an output of 220 v, 10 ke, 


single-phase Unit comes fully equipped 


for immediate installation 

According to the manufacturer, work 
table comes completely equipped with 
volt, amp, kva and kw meters. All me- 
ters are rated in percents. Lights indi- 
cate “heat on” and “generator on,”’ 


New Products 


IMPORTANT! 
Author's abstracts for 1958 AWS National 
Spring Meeting must reach AWS headquar 


| 


ters not later than August 15, 1957. 


Also included is an open-sight drain for 
visual check of cooling waters for genera- 
tor, capacitors, transformers and work 
coils. 

Additional information may be had by 
writing directly to the manufacturer at 
the above address. 


Attachable Type Welding Plugs 


Joy Manufacturing Co 
completion of a of 


connectors 
(mating male and female plugs) for use 
in welding cable leads and welding 


whips. The manufacturer states that 


these units are supplied in one size only 
and have a maximum welding service 
rating of 550 amp. They can be at- 
tached to all cable sizes from No. 4 
through No. 4.0. For further details, 
write to Joy Manufacturing Co., Elec- 
trical Products Division, 1201 Macklind 
Ave., St. Louis 10, Mo., 
free bulletin No. SM-4 


and request 


Portable X-Ray Gear 


Machinery and Welder Corp., 1324 
W. Fulton St., Chicago 7, IL, announces 
their latest manufactured item, a port- 
able running gear for the Fedrex Port 


able X-ray equipment. The latter is 
manufactured by Carl Drenck Electro 
Technical Laboratories of Copenhagen 
and is nationally distributed by the 
Chicago concern. 

For further details, write to Machin 
ery and Welder Corp. at the above ad- 


dress 


THe WELDING JOURNAL 


ee, 
FINS 
— 
4 
<4 
bes? 
4 
| 
— 


Since youre looking for better tools... 


.-. LET’S TALK WELDING GUNS! 


LET’S TALK STANDARD WELDERS! 


Allied’s new roller head press type combination spot 
and projection welder (lower illustrations) has 8 
outstanding advantages. Standard models are approx- 
imately one foot less in width than conventional 
welders, accomplished by placing arms off-center 
with controls installed 
within chassis frame 
where protected. Arms 
can be installed left or 
right of center making 
possible convenient 
welding of irregular- 
shaped pieces that fit 
naturally around corner 
of machine. Machines 
with right and left hand 
mounted arms may be 
installed adjacent to 
each other and within 
91" for sequence weld- 
ing. Arms may be 
extended by simply 
loosening 3 screws on 
casting to give up to 
30” throat depth. Ver- 
tical adjustment of 
lower arm up to 15” 
is provided without 
changing current char- 
acteristics except on air gap since transformer is 
connected directly to arm support casting instead 
of mounting plate. By remov- 
ing 4 bolts, head may be 
replaced with special adapta- 
tions such as multiple guns 
or projection welding plat- 
ens. This is done in minutes 
on the job. Welders are 
completely water cooled with 
open or closed circuits. 
Available in standard sizes: 
30, 50 and 75 KVA with 
1000 P.S.I. at 80 Ibs. line 
pressure and 75, 100 and 
150 KVA with 2300 P.S.I. 
at 80 Ibs. line pressure and 
on up to 750 KVA in press 
welders (top). Prices are 
well below that of conven- 
tional welders of equal 
capacity. 


750 KVA 


100 KVA 


$ 


/ 


Write for information. 


Standard Special Aut i 
Welders Welders Equipment Arc Welders 


1957 


Operation so cool you can hold your hand on the 
jaw extension right below the point is main feature 
of this new line of portable guns. Incoming water 
reaches point 
through tube insul- 
ated almost its entire 
length from metal of 
jaw by return water 
jacket which has 5 
times capacity of in- 
flow tube. Heat trans- 
fer to the in-flow 
tube is much less 
than with smalldiam- 
eter cast-in return 
water tubes that build 
up excessive heat in 
the jaw extension. 
Use contact fulcrum 
pin in place of con- 
ventional shunt 
which tends to over- 
heat causing early 
failure Built-in 
guide for moving 
jaw prevents wear 
on fulcrum pin if 
gun is used in cocked position. Line includes “C” 
and scissors type with upper or lower jaw operating 
and types for special applications. Guns have been 


on heavy duty production test for 2 years. 


YOUR SPECIAL EQUIPMENT 
PROBLEM — 
HOW BIG IS IT... REALLY? 


If it involves special equipment for a production welding 
operation it may not be a problem at all—just an assign- 
ment when placed in competent hands. 


This is our kind of work—we specialize in it—do it every 
day; designing and building special machines for welding 
everything from bathtubs to trailers, frequently including 
provisions for automatic handling and transfer where the 
job is a part of a production line set-up. 

We're no brain trust here at Allied Welder, but we keep 
some awfully important production people happy with 
our creative designing and manufacturing know-how— 
delivery, too. 


May we work with you on your next job? 


CORPORATION 


8700 BRANDT DEARBORN, MICHIGAN 
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Spot and Projection Welder 


Scinky Bros., Inc., 4914 W. 67th St 
Chicago, [L, announce the design of a 
spot and projection welder, the PMCO. 
6T, which is the press tvpe, air-operated 
and three-phase. 

The manufacturer states that this 
welder has proved itself well in fabrics 


ting critical piece part assemblies for 
farm implements Massey-Harri- 
Ferguson Ltd., Toronto, Ont., Canada 
Sciaky claims that short production runs 
are practical because setup time is smai! 
for the different operations. To lear 
more about this machine, write to th 
Chicago address,¢o Department M-17 
and request “Resistance Welding at 


Work.” Vol. 5, No. 1 


NO...¢ ca Demonstration 


Welding Positioner 


...and every shot A WINNER! The Positioning Equipment Division 


of Worthington Corp., Harrison, N. J 
has recently announced the development 
of its new Model 1OP Welding Positioner 


(NCE your dealer demonstrates the CADWELD Con- 
nection for the CADDY ARC WELDING ACCESSORIES, 
every one agrees that the solid copper connections should 
be better. After the TEST INSTALLATION they too join 
the SALES FORCE for CADDY. 


Has your plant tried CADDY Are Welding Accessories 
with the CADWELD Connections — WRITE TODAY. 


CADDY. 


ARC WELDING ACCESSORY DIV. 


Erico Products, inc. 


2070 E. Gist Piace Ohio 


for automatic welding requiring close 
speed regulation. 

The Model 10P has a load capacity of 
1000 Ib at 4-in. eccentricity and 4-in 
center of gravity. The round table has 
a diameter of 29 in. with 4 radial T 
slots. 


Cleveland 3, 


IN CANADA: WELDING PRODUCT SALES, Canadian Generali Electric Co., Ltd. 
1350 Castilefieid Ave., Toronto, Ontario 
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BEST PROTECTION means MORE PROD 


»..@xperience proves that for 
comfort and protection 


SEAMLESS MOLDED FIBERGLAS SHELLS 

Compression-molded of Fibergias-reinforced 
superior thermo-setting polyester resin, Fibre-Metal 
Helmets, self-extinguishing and with strengthening 
beaded edging, are the natural result of over 50 years 
of specialized experience. They are rugged, impervi- 
ous to moisture, will not warp and are of light weight. 
They resist heat, abuse, and are easily cleaned and 


sterilized. OVER 30 TYPES TO MEET ALL YOUR NEEDS! 


Fixed or Lift-Front, ruggedly de- 
signed and fabricated in Bakelite or 
Insulated Dowmetal. Light, durable. 
Metal holders are safe, insulated 


One size fits all head sizes! Free- Revolutionary, light, durable mate- 
floating principle . . . avoids pressure 
at temples and forehead. Allows 
comfortable shaping of headband to 
head! Special riveting prevents hair 
pulling. 


4-POSITION 
ADJUSTABLE 
HELMET 
STOP 


Positions helmet for overhead and 
vertical welding. Positive stop, eas- 
ily adjustable to any of 4 positions 
without tools. Allows normal raising 
of helmet on friction joints. 


rial with entire mechanism enclosed 
in fibre tube insulating it from head 
of wearer. Right or left turning to 


Glasses easily inserted or removed adjust size . . . remains positive. 


£2 Snap 
buttoned 


The supreme comfort of Genuine 

Leather (also in Simulated Leather). 
. Moo tion, 

A variety of designs for all pur- Smooth overlap construction, no 


poses, allowing easy, outside adjust- annoying wrinkles, felt padded. 


ment with no plastic parts to break CHIN REST 
A slight nod brings Helmet to op- 


erating position. 


A real comfort 
feature always ...and particularly 
for overhead welding! 


Write for Catalog 24 and Bulletin 39 ... cataloguing the best working protection! 


THE WORLD'S LARGEST MANUFACTURER 
ECTIVE EQUIPMENT 


WELDING HELMETS - SPEEDY ATTACHMENTS « SUPERGARD HATS & CAPS - INSULATED EUREKA HOLDER * FACE SHIELDS * WELD CLEANING HAMMERS * FRESHAIR SYSTEMS 
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The positioner has been designed for 
extremely accurate handling of light- 
weight weldments for all manual and 
automatic welding operations. It has 
a height adjustment of from 27 to 42 
in., available by means of manual or 
motor operated elevation. 

For complete details, write directly to 
manufacturer at above address. 


Resistance Welder 


Kight outstanding advantage-features 
are claimed for a new roller-head press- 
type combination spot and projection 
welder now in production at Allied 
Welder Corp., 8700 Brandt, Dearborn, 
Mich. 

According to the manufacturer, the 
new welder saves floor space, standard 
models being approximately one foot 
less in width than conventional wel- 
ders. This is accomplished by placing 
the arms off center with the controls 
installed next to the arms and within 
the welded chassis frame where they 
are protected. 

The head on the upper arm is de- 
mountable. By removing four bolts 
the standard head may be replaced 
with special adaptations such as 


multiple welding guns or projection 
welding platens. This can be done in 
minutes on the job. 

Allied’s new welders are completely 
water cooled with open or closed cir- 
cuits and one of their outstanding ad- 
vantages is cooler operation. They 
are available in two standard sizes: 
30, 50 and 75 kva with 1000 psi at 
S0-lb line pressure and 75, 100 and 150 
kva with 2300 psi at SO-Ib line pressure, 

For more complete details, write 
directly to Allied Welder at above 
address, 


Soldering Flux 

Although soldering is usually done in 
the range of 360-500° F, it is frequently 
necessary in certain types of work to use 


762 


alloys with melting points ranging down 
to 150° F. For just such applications 
an entirely new type of soldering paste 
has recently been developed by Ameri- 
can Solder & Flux Co., 19th & Willard 
Sts., Philadelphia 40, Pa. This new 
flux, called Ameo No. 261, is entirely 
free of chlorides and rosin compounds. 
According to manufacturer, it is active 
at very low temperatures and has a long 
life. Thus, when used with conventional 
solders, the cleaning action will begin 
about 150° F and continue right up to 
the melting point of the regular solder. 

Write to American Solder & Flux Co. 
19th & Willard Sts., Philadelphia 40, 
Pa., for complete details. 


Prescription Flash Goggles 


The availability of the first flash gog- 
gles with prescription lenses is an- 
nounced by Air Reduction Sales Co. 

The goggles are for wear under the 
welding helmet or hand shield in inert- 
gas-shielded metal-are welding, as rec- 
ommended in the safety standards of 
the AMERICAN WELDING Soctrry. 

They are obtainable in ten lens 
styles; variations of the single-vision, 
bifocal and trifocal types. As specified 
in the safety standards, they have side 
shields and the lens shade is No. 2. 

For prescription forms and complete 
information refer to the local authorized 
Airco dealer or write Air Reduction 
Sales Co., a division of Air Reduction 
Co., Ine., 150 E. 42nd St... New York 
17, N.Y 


Safety Welding Helmet 


According to the Kedman Co., the 
new Huntsman “Roto Clip’ helmet 
linkage permits a practical, fast, easy 
method of attaching or detaching the 
welding helmet without removing the 
hard cap from the head. Therefore, it 
provides head protection for the welder 
100% of the time. 

This new combination also has ‘*Ad- 
justo-Vision,”” another brand new de- 
velopment permitting perfect individual 
vertical adjustment of the welding plate 


New Products 


retaining frame before the welder’s eves 
for his own comfort. 

Bullard hard caps come in a variety o! 
colors. 

For additional details, write direct! 
to Kedman Co., 233 8S. 5th West, Salt 
Lake City 1, Utah. 


Stud Welder 


A new automated four-stud projec- 
tion welder is pictured which improves 
efficiency and reduces the costs of manu- 
facturing automatic transmission com- 
ponents. It was designed and built by 


Dix Engineering Co., Inc. (Detroit), 
Lincoln Park, Mich. The new machine 
is custom made for a leading manufac- 
turer of automobiles. 

According to the manufacturer, 
unique feature of the precision welder’s 
performance is its ability to hold the 
close tolerances required, 

For additional information, write to 
the manufacturer at the above address 


Hard-Surfacing Paste 


hard-surfacing paste, known as 
Hi-C 60, has been developed by Wester 
Carbide Corp., 6840 Vineland Avs 
North Hollywood, Calif. 

According to the manufacturer, thi 
paste creates a deposit of high hardness 
that enables metal surfaces to withstand 
extreme conditions of abrasion or high 
temperature. Hi-C 60 can be applied 
to any metal with a melting point 
higher than the paste, 1850° F. The 
paste itself, a permanent suspension of 
powdered hard-surfacing alloy in a wate 
base solution, can be applied by spatula 
brush or by extrusion from a tube 
Hardness ranges from 55 to 61 on the 
Rockwell C scale. 

For more details, write the manu- 
facturer at the above address. 
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YOU ARE, IF 
YOU SCRAP /} 
SPILLED AND 


FUSED FLUX! |) 


When you discard spilled and fused flux, 
you're throwing profits to the wind. A large 
automotive plant solved this problem by in- 
stalling the Simplicity Flux Reclaim Unit, and 
saving $5,000 a month salvaging used flux. 


Sound good? It should, if your plant is 
equipped with submerged arc welders. The 
Simplicity Flux Reclaimer is designed to crush 
used flux, remove metal particles, dust and 
fines, and give you refined flux ready for 
re-use. Mixed in proper ratio with new flux 
(depending upon type of work) welds are 
obtained equal to those made with new flux. 


Equipped with a two surface vibrating feed- 
er, bucket elevator, double deck vibrating 
screen, 15” x 9” crusher and two magnetic- 
pulleys, the Simplicity Flux Reclaimer will 
more than pay its own way. 


Complete installation drawings and prices of 
these SIMPLICITY units may be had by writing 
directly to the factory . . . a logical first step 
in determining ALL the money-saving possi- 
bilities these machines may hold for you. 


View of 12” x 4’9” two surface oscillating 

feeder, showing side discharge for removing 

scrap, metal particles and other foreign 
objects. 


FOR EXPORT: Brown and Sites, TRADE 
50 Church Street, New York 7, N. Y 


REGISTERED 


SALES REPRESENTATIVES IN ALL : 
PARTS OF THE U.S.A. & = 
FOR CANADA: Simplicity Materials : 
Handling Limited, Guelph, Ontario : : 
MARK 


ENGINEERING COMPANY * DURAND 23, MICHIGAN 
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SUPPLEMENT TO THE WELDING JOURNAL, JULY, 1957 


EFFECTS OF INTERSTITIAL ELEMENTS ON 
WELDABILITY OF TI-7% AL-3% MO AND 
TI-6% AL-4% V 


1 continuation of the study of the effects of the 

interstitial elements carbon, nitrogen, oxygen and hydrogen 
on the weldability, or as-welded ductility, of titanium 

and its allovs ts reported upon by the authors 


BY JOHN F. RUDY, JOSEPH B. McANDREW AND HARRY SCHWARTZBART 


ABSTRACT. This paper reports a con- heats contuning critical amounts of nitro- picked up during fabrication and may be 
t he s ‘ effects of or oxygen, it hic Case SOT ddi- 
Inuation ol the tudy the ect ) gen xvgen, in whic me addi present in suffices amounts to cause 
the interstitial elements earbon, nitrogen tional embrittlement was indicated Post- , , 1d | 
oxvgen and hvyvdroge noon the weldability weld he at treatment did not show worth- embrittlement: tn a8 WLI d mnaterial, 
or as-welded ductility, of titanium and it while ductility improvement over the as- This paper has as its subject the weld- 
illoys Two alpha-bet i allovs of tita- welded specimens for either base alloy ibility effects of additions of the inter- 
nium were used as the base materials for 
; stitial elements to two alpha-beta  ti- 

interstitial addition rhe Al Introduction ; lis] 
Mo alloy was fabricated in 13 interstitia Allov development in general is a com- taniu : 4 - mpusn " 
study e\ | interstitial content vari- 


inalyses and the Al—4°) V alloy 
was fabricated in 22 analysis combina 
tions 

Each alloy plus interstitial additive wdequate ductility or toughness.  Ti- 
heat was mechanically evaluated i> tanium allov ck Ve 
0.062-in. sheet in the following therma 
history conditions: pilot, as-welded and 
ifter three different postweld heat treat- 
ments. Mechanical evaluation was per- fore embrittlement becomes a problem? 
formed with (1) tension and (2) free-bend is alwavs before the alloy designer The 
transverse-weld tests ‘Weldabilitv’’ of 
each heat was established by these tests 
Briefly, the results indicated that the 
Ti-6% Al-—4° V is considerably mor ener addition maximum. 
weldable than Ti 7% Al-3% Mo Heats Unfortunatelv for the allovs in ques- 
containing only 0.100% C+ Ni + O tion, the tendency for embrittlement is ; eae 
interstitial in the latter alloy were only , the low interstitial base heat, the limit 
marginally weldable. The Ti—6°;) Al—4°, enhanced by the presence of the non- 
V alloy can tolerate up to 0.2167 oxygen equilibrium structures formed by the 
Heats containing more than 0.100°7. ni- thermal evcle of welding Theretore 
trogen were embrittled and as little as 
0.07°, carbon may add to nitrogen em- 
writtlement. Hydrogen, for the most 

mart, has no effect on the properties mens L1LO' that must he we Idable Usualls 


promise between the alwavs§ desired 
itions of the » commercial alpha-beta 


produced. 


higher strengths ind the also desired 


lopment has been me 
«71h. sheet 
exception The question How muct 


ind mechanically evaluated in the pilot, 


stre nethe ning addition can be added be- ‘ 
the is-welded and three postweld heat- 
treated conditions. The results of the 

mechanical testing were used the 
ommercial alloys, consequently, are 
often approaching this upper strength- 
when the as-welded properties of the 


base plus interstitial alloy became ap- 


preciab| nierior to the prope rties ol 


was said to have been 
It Is ( d however 
that the final measu of weldability 


the balance between strength and em- : “ 
st b ade in terms of the e 
brittlement becomes more delicate in an DO 
‘ation; and it is entirely possible that 
ired at analvses up to 150 ppm except it an allov which must be weldable is de- our higher purity base allovs would nof 
be considered weldable for some - 
signed toward the duc tile side ol this on ome ipphi 
: ations. w e the verv high 1 stith: 
strengthener balances However, in the ue igh interstitial 
John F. Rudy, Joseph B. McAndrew and Harry case of titanium allovs, the three ex- 
Schwartzbart are associated with Armour Re . 
search Foundation of Illinois Institute of Tect traneous interstitial 
logy, Chicago, Il ments earbon nitrogen oxvgen and brittled to the extent that weld bead 
Presented at the AWS 1957 National Sprin 
Meeting in Philadelphia, P pril 8-12 sometimes a fourth. hvdrogen, are often eracks were produced by cooling stresses 


alloys may be satisfactorv for others 


strengthener  ele- None of the interstitial allovs were em- 
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Procedures 
Preparation of Alloys 

The details of the melting and fabri- 
cation of the desired alloys have been 
given in previous reports’ ? and only a 
brief outline will be repeated here. The 
proper mixture of titanium sponge plus 
powdered master alloy and pure metal 
additions to give the alloy compositions 
listed in Tables 1 and 2 were mixed and 
fed into an inert-gas-atmosphere tung- 
sten-are melting furnace. This first 
melt ingot, 3 in. in diameter, approxi- 
mately 7 in. in height and weighing ap- 
proximately 10 lb, was then cleaned and 
forged down to a 1'/q-in. diam rod which 
was used as the consumable electrode 
for the second melting operation. The 
purpose of the double melting pre wedure 


was to obtain greater homogeneity. 


This ingot was then forged to a ‘,-in. 
slab and hot rolled to a final ('/i¢ in.) 
size. The sheets then cut into 
mechanical test specimen blanks which 
were vacuuin annealed to reduce the 
hydrogen to less than 50 ppm. One half 
of each heat was then hydrogenated to 
approximately 150 ppm in a Sievert’s- 
type apparatus. 
Welding 

Welding was accomplished with the 
inert - gas -shielded tungsten - electrode 
are-welding using a trailing 
shield and an inert-gas backing bar to 
protect both the top and underside of 
the weld bead from atmospheric con- 
tamination. Welding simplified 
mechanically by melting a bead along 
a solid sheet instead of butt joining two 
Starting and stopping tabs were 


were 


pre WESS 


was 


sheets. 


used to eliminate edge defects and th 
heat parameters were adjusted as follow> 
to give a 100% penetration bead with a 
single pass: 
Current, amp. 110-120 
Are voltage, v. \pprox. 18 
Travel speed, ipm 2: 
Torch flow of helium, cth 
Trailing shield and under- 

side flow of helium, cfh 

The welds obtained were sound and 
uniform and little difficulty was experi- 
enced with porosity or weld cracking. 
The welding fixture is pictured in Fig. 1, 
which shows the  carriage-mounted 
torch, the trailing shield and the speci- 
men hold-down clamps 
Mechanical Testing 

Two mechanical property tests were 
used to measure weldability, the tensile 


Table 1—Composition and Mechanical Properties of the Ti-7% Al-3% Mo Alloy Heats 


On, 

Heat Condi- wt. ©; wt. ©, 

Vo tion 
Pilot 
Weld 
Pilot 
Weld 
Pilot 
Weld 
Pilot 
Weld 
Pilot 
Weld 
Pilot 
Weld 
Pilot 
Weld 
Pilot 
Weld 
Pilot 0 420 
Weld 
Pilot 0 420 
Weld 
Pilot 0 420 
Weld 
Pilot 0.420 
Weld 
Pilot 
Weld 


nominal 


0 OST 


nominal 
0.261 

0. 260 0 060 
0. 260 0.100 
0. 260 0. 100 
0 330 oO 110 
0.340 0 060 
0 340 0.140 
0.340 0 140 
0. 140 
0 060 
0 


OBST 


‘ree hend 


wt. 
nomina nomina 


0 OST 0. O87 


HAZ* 


0 100 0 100 
BM 


0 O60 100 


HAZ*-BM 


0 100 0 O60 


HAZ* 


0 110 110 


HAZ*-W\MI 


140 140 
BM 
0 140 » OO 
5.00 
5 00 
0. 140 43.50 
5.12 
0.56 
3.62 BM 
2.62 
41.75 
0 56 
62 
0.69 
1.89 


0 060 
0 140 0 060 
WM 
0 140 


0 180 180 


0060 0.180 
BM 
0.180 0 O60 
WM 


0.018 0 0532 


Fracture 


zonet psi 


HAZ* 


W M-HAZ* 


-Tensile 
Elonga- 
tion 
in I 
170,500 

+ 


Uli mate 
strength, 


161,000 
T 
180,000 
178,100 


138,500 


147,000 


W M-HAZ* t 


171,200 
197 ,600 
143 ,000 
170,000 
182,200 
149,000 
148,500 
145,000 


+ Defective specimen 
Actual analvsis 


HAZ = heat-affected zone; BM = base metal: WM = weld metal 


Table 2—Compositions of Ti- 6% Al- 4% V Alloy Heats 


Heat 
designa- 
tion wt. ©; 
0.043 
0.053 
033 
O36 
OS] 
046 
027 
O72 
069 
036 
043 


0.163 
0.154 


H., ppm 
Low High 
24 157 
10 121 
140 
110 
LIS 
2 155 
256 104 
262 158 
271 ) 132 
295 § 128 
308 155 
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End 
\ O., listribu- Frac- 
fror ture 
0.75 
149 
3.37 
1 00 HAZ 
: 
175 
T 
WM 
WM 
10.9 
15 WM 
1.5 
0 BM 
a 3.1 BM 
54 
28 WM 
Ne. Os, Wa. Or. C +A 
wt. wt. *, wt. wt 
0.023 0.080 0.103 0 
0.018 0.151 0.169 0 
0.017 0.175 0.192 0 
0.030 0) 160 0.190 0 
0 O18 0.134 0.152 0 
0 048 210 0.258 0 
0. 160 0.069 0.229 0 
0 116 0.074 0.190 0 
a 0.108 0.094 0 202 0 
0.096 0.259 0 
tet 0.131 0.265 0 
4 
314-s 
| 


Fig. 1 


Welding apparatus showing the carriage-mounted welding torch, the 


trailing shield and the specimen hold-down clamps which also act as the sides to 


the trailing shield 


Fig. 2. A typical tensile specimen showing the undeformed weld-affected areas 
and the reduction of area in the base metal fracture area 


test and the free-bend test. Weld 
specimen geometry for each was such 
that the major stresses were transverse 
to the direction of welding, giving ap- 
proximately a uniform stress on each 
zone of the joint cross section but not 
necessarily a uniform strain. The re- 
sults, therefore, indicate the strength 
and ductility properties of the weakest 
area. The two tests were largely sup- 
plementary. For example, the speci- 
mens with a given composition and 
thermal history which failed with less 
than 3% elongation in 2 in. in the ten- 
sile test did not fold to the required end 


distance of less than one inch in the 
free-bend _ test tensile 
specimens showing greater elongations 
were able to fold to less than one inch. 
(The arbitrary criterion for weldability 
acceptance was that the welded speci- 


Converse ly, 


mens must withstand a fold to an end 
distance of 1 in. or less before failure.) 

\ ty pical tensile-test 
shown in Fig. 2. It can be seen that 
almost all of the plastic flow occurred in 
the base metal and final failure occurred 
at some distance from the weld-affeeted 
This particular specimen elon- 


specimen 1s 


zones. 


gated 4°% in the total 2-in. gage length, 


Fig. 3. Free-bend test showing the method of bending to failure and 
recording the “end distance” which is a measure of ductility 
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vhibited by thu 
failure area itself would have been much 


but the actual at 


greater in the » more rigid 
weld bead. The ductility of the weld 
area itself was not measurable since its 


ceeded by the test. 
However. it would not be expected to 


vield point was not exe 


flow appreciably. 

The free-bend test gave the same gen- 
indication of stronger and possibly 
ductile weld-affected area sur- 

weaker and ductile base 
Figure 3 


shows the simple method used to deter- 


rounded by 


metal in the weldable heats. 


mine the end distance in the free-bend 
test. The vise was closed on the speci- 
men until cracking oc The end 
distance was then measured and _ re- 
corded. Two typical tested specimens 
are shown in Fig. 4. The specimen on 
the left is an all-alpha alloy which main- 


urred., 


tains an appreciable amount of property 
uniformity over the entire weld cross 
section, as evidenced by the general 
roundness of the specimen showing some 
plasti flow in the weld metal (WM )y the 
heat-affected zone (HAZ) and the base 
metal (BM). The right-hand specimen, 
by contrast, assumes what the authors 
ire-bottomed U” 
This is a typical 
welded-bend specimen from the Ti- 6% 
Al-4% V alloy. The weld metal and 
the heat-affected zone are not plastically 
deformed by the stresses imposed by the 
test and remain straight. All of the 
plastic deformation occurs at the nebu- 
lous junction between the heat-affected 
Therefore, in 
this case, when a specimen is considered 
weldable by the authors’ definition (<1 
in. end distance) it means that the fol- 
lowing conditions have been met: 

1. That the base metal is ductile 
enough to deform the amount required 
to obtain small end distances. This re- 


have called a 


shape after bending 


zone and the base metal 


quires considerable local ductility since 
the areas of strain are limited by the 
higher 

2. That the weld area 
and heat-affected zone) is strong enough 
to develop the deforming load required 
without brittle failure. 

These results give a good measure of 
what might be termed ‘‘the engineering 
excepting, of 


vield point weld area. 
weld metal 


usefulness of the joint ; 
course, other considerations such as 
cyclic or notched loading. Again, as in 
the tensile test, the ductility of the weld 
area is not measurable because its yield 
point is not exceeded. With the above 
reservations, the free bend end distance 
served as a very useful measure of weld- 
ability when coupled with careful ob- 
servations of the final configuration, 
failure zone, plastic flow zone and frac- 
ture surface of the spec imen. 


Discussion and Results 
Ti-7% Al-3% Mo Alloy 
Originally, this alloy was chosen as the 


base alpha-beta alloy to be used for the 


315-s 


| 

: gl? a 

: 


Fig. 4 Typical free-bend speci- 
mens showing the uniform de- 
formation of the alpha alloy 
on the left compared to the 
Ti-6% Al-4% V specimen 
which does not deform in the 
weld-affected areas. The 
latter configuration is called 
a ‘‘square-bottomed 


combined interstitial effect study in 
spite of the fact that previous investiga- 
tion? of singular element additions to 
Ti-7% Al- 3° Mo had shown that rela- 
tively small amounts seriously reduce 
weldability. Briefly, the individual 
maxima for weldability were found to 
he: carbon 0.0807, nitrogen 0.097 and 
oxygen somewhat more tolerable at up 
to 0.15%. These maxima, 
required postweld heat treatment for 
weldability. 
of the preliminary interstitial combina- 
tion heats which were fabricated are listed 
us the first 12 heats in Table | along with 
the pilot and as-welded free-bend and 
tensile-test results. These data show 
that the tolerance of the Ti- 7°) 3°; 
Mo alloy is so low as to discourage an 
investigation of interstitial 
effects since even the 0.260°% total 
C + Ne + Oy alloys exhibited low duc- 
tility as-welded fractures with free bend 
distances on the order of 4 in. There- 
fore, it was concluded that, in the inter- 
est of commercial feasibility, the Ti— 6°, 
Al- 4% V alloy should be substituted 
as the base alpha-beta alloy. 

Heat No. 13 of Table 1, Ti-7% 
Al-3°  Moalloy, was fabricated with no 
intentional interstitial addition to re- 
check the weldability of the higher- 
quality alloy. This heat was 
analyzed and found to contain 0.038% 
C, 0.013% Ne and 0.053% Os. By the 
criterion of folding to less than one inch 
in the free-bend test, even this heat is 
only marginally Two 
welded specimens folded to 1 in. or less 
but the remaining specimens 
failed at between | and 4 in. end distance 
which is unsatisfactory. No marked 
improvement was obtained by employ- 
ing the following three postweld heat 
treatments: (1) 1600° F 8 hr ~ WQ, 
1025° F/16 hr — WQ; (2) 1600° F/15 
min — WQ; and (3) 1600° F 
WQ. 

It was intended that this base alloy be 
fabricated and tested at three hydrogen 
levels varying from less than 50 to 200 
ppm. However, the desired hydrogen 
levels were not obtained and the highest 
(67 ppm) was not critical. 


however, 


The nominal compositions 


combined 


base 


weldable. 


as- 


seven 


S hr— 


316-s 


The conclusion indicated by this short 
study of the Ti- 7% Al—3°%% Mo alloy is 
that if the alloy is to be welded, every 
effort must be made to keep the inter- 
This sub- 
stantiates earlier findings by other in- 
vestigators.2. Other alloys should be 
obtained, if possible, for an application 
requiring weld joint ductility. 

Ti-6% Al-4% V 

The 

Al-4% 


earbon, 


stitials as low as possible. 


investigation of the Ti-6% 
V alloy includes the effects of 
nitrogen, oxygen and hydrogen, 
both individually and in combinations, 
as well as the effects of three postweld 


These heats are listed 
in Table 2. This includes so many vari- 
ables in relation to the number of alloy 
heats as to preclude convenient plotting 
of weldability vs. a single composition 
or thermal cycle parameter. Instead 
the data are illustrated in several sys- 
tems of sequence in bar graph form in 
Figs. 5 through 12. 
Total C + Ne + 
trates the result of an attempt to explain 
weldability or 
terms of the simplest composition px 


heat treatments. 


Figure 5 illus- 


mechanical property in 
rameter, total weight percent of carbon 
plus nitrogen plus oxygen. The upper 
bars represent tensile data and the lower 
bars represent end distance in the free- 
bend test. Pilot properties can be com- 
pared with as-welded mechanical prop- 
erties by observing each double column 
individually. The left-hand or 
hatched half of each bar represents pilot 
data and, as expected, these specimens 
generally show more ductility than the 
as-welded specimens, 
bars on the right-hand half. 
are arranged in order of 
C + Ne + Os. The most useful me- 
chanical properties for 
purposes are the free-bend end distance 
and the tensile elongations of the as- 
welded condition. While, as expected 
there is a general tendency for strength 


CTOSS- 


shown as solid 
The bars 


increasing 


comparative 
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Fig. 5 Tensile (upper) and free-bend (lower) properties of both pilot 
and as-welded specimens arranged in order of increasing C + N. + 
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Fig. 6 Tensile (upper) and free-bend 
(lower) properties of pilot and as- 
welded specimens arranged in order 
of increasing oxygen. Brittleness of 
heats O, P, R, T and Su is not due to 
oxygen 


to increase at the expense of ductility 
with increasing total interstitial, this 
tendency is by no means regular. For 
example by observing Heat 
0.295% total, or heat ‘‘S,”’ 0.304% total, 
it would be concluded that approxi- 
mately 0.300°% can be tolerated for 
weldability. However, heats “O,” “P” 
and “R,” with only 0.256 to 0.271% 
total do not substantiate this conclusion. 
A similar presentation could be made on 
the basis of total atom 
mechanical properties with the same 
From these data 
it is concluded that the interstitial 
parameter is more complex than simply 
C + Nz + O» total percent 


percent vs. 


inconclusive results 


Oxygen. Figure 6 illustrates the same 
data arranged in order of increasing 
oxygen percent. Each double bar repre- 
sents pilot data on the left and as-welded 
data on the right as in Fig. 5. The arbi- 
trary criteria of weldabilitvy used were 
that the tensile elongation of the 
d sample should « xceed 3% in 21n 


that the end distance in the free- 


bend test of the welded sample should be 
1 in. or less. By these criteria it can be 
seen that weldability is obtained in some 
heats at the high oxvgen extreme of the 
illustration (i.e., heat S, with 0.21% O» 
while several heats at the low end (i.e., 
heats O, P, R and T with 0.13% Os or 
less) are not weldable. This indicates 
that the higher-oxvgen heats obtained 


ire still weldable in some conditions. 
The v-oxyvgen-leve poor-weldabilityv 
heats are explainable in terms oO! nitro- 
gen which is discussed below. 

\itroge? Figure 7 illustrates the 


same data arranged in order of increasing 
nitrogen content Kach double bar 
represents the same comparison of pilot 
vs. as-welded properties as in Figs. 5 
and 6. These data show the most uni- 
form dependence of mechanical proper- 
ties on composition parameter, with a 
general decrease in weldability with in- 
creasing nitrogen. The pilot specimens 
maintain acceptable ductility up to the 
extreme of 0.160% No, but the as-welded 
specimens become borderline at 0.096% 
N. and unsatisfactory without exception 
at higher values of 0.10S°% or greater. 
Heat S,, is embrittled with only 0.048% 
N. but this is evidently due to O. or H. 


Fig. 7 Tensile (upper) and free-bend 
(lower) properties of pilot and as- 
welded specimens arranged in order 
of increasing nitrogen content. All 
heats except SH which exhibit weld 
embrittlement contain greater than 


0.096% Nz 
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Fig. 8 Tensile (upper) and free-bend 
(lower) properties of pilot and as- 
welded specimens. Heats P and R 
show less ductility than heats O and J, 
respectively, which may be due to 
moderate carbon analysis variations 


or both. The irregular dependence of 
weld ductility of the four or five highest 
N. heats (J, R, P, T and O) may be ex- 
plained by carbon presence as discussed 
below. 

Carbon Effects. The study of the 
contribution of carbon to weld embrittle- 
ment was hampered by the apparent loss 
of this alloying element during melting 
and fabrication. The initial list of de- 
sired compositions included — several 
alloys in excess of 0.100% C. However, 
the actual alloys contained only 0.081, 
0.072 and 0.069°7 carbon in the three 
highest carbon heats. Thus, a complete 
case for earbon as a Ti- 6% Al-4% V 
weld embrittlement agent was not 
obtained. However, some comparisons 
can be made which indicate that carbon 
does have an effect at relatively low 
levels. For example, compare heats O 
and P in Fig. 8S. Their compositions are 
similar for oxygen but Heat O has con- 
siderably more nitrogen (0.16°%) than 
Heat P (0.116°7%) which should render 
Heat O more brittle. However, the 
opposite is true and the only apparent 
cause is the difference in carbon content. 
This indicates that the 0.072% C in 
Heat P is high enough to have some 
effect. Figure 8 also compares the data 
of Heat R (0.069% C) with Heat J 
(0.036% C). Heat R, having consider- 
ably less oxygen and only slightly more 
nitrogen, is much less ductile, which 
indicates an effect of 0.069°% carbon. 
Heat L, which has the highest carbon 
(0.081%) is not deleteriously affected, 
but its nitrogen is very low (0.018%) 
and oxygen is only moderate (0.13%). 

Hydrogen. Figure 9 illustrates the 
mechanical property data presented so 
as to give a picture of the effect of ap- 
proximately 150 ppm hydrogen. All 
data in this figure are for the as-welded 
condition, and each double column 
represents the low-hydrogen (less than 
50 ppm) group on the left and the high 
hydrogen (approximately 150 ppm) on 
the right. In comparing the two halves 
of each double column it is observed 
that usually the difference is not great. 
In the free-bend test the alloys contain- 
ing up to 0.2339 C + Ne + Os: do not 
show any real hydrogen effect. Some of 
the higher interstitial heats tend to have 
less free-bend ductility after hydrogena- 
tion. However, in many cases these 
data are not substantiated by the tensile 


Fig. 9 Tensile (upper) and free-bend 
(lower) properties of low H» and high 
H. welded specimens. Each pair of 
bars shows the effect of H» on a heat 
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free-bend ductility for the Ti- 6% Al- 4% V alloys 
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elongation data Thus heats S and O 
stand out as the spectacular indication 
of a hydrogen effect, with heats J and T 
showing a possible effect also Heat R 
indicates a ductility improvement with 
added He in the free-bend test but this is 
not repeated in the tensile elongation 
data. These heats are all somewhat 
borderline as regards being embrittled 
by either N, or O, and evidently in these 
cases the H, has some deleterious effect. 
However, the very ductile or the very 
brittle heats show no noteworthy effect. 
It should be mentioned that other in- 
vestigators’ have shown a dependence 
on loading rates slower than were used 
in this study 

Postweld Heat Treatment. The ther- 
mal cycle of welding leaves the material 
of the weld bead and the heat-affected 
zone in a nonequilibrium martensitic 
structure which is stronger and less duc- 
tile than the unaffected base metal. In 
the low-interstitial heats, this mechani- 
cal property change is not enough to 
embrittle the weld joint as shown by the 
free-bend test results. However, with 
increasing interstitials, this embrittle- 
ment becomes excessive and restricts the 
usefulness of the alloy 

Thus the value of a postweld heat 
treatment to obtain a more desirable 
structure is immediately obvious. The 
following three postweld heat treat- 
ments were employed for the Ti-6% 
Al-4% V alloy 1) 1100° F/20 hr — 
WQ, (2) 1100° F/1 hr ~ WQ and (3) 
850° F/20 hr ~ WQ. Both of these 
heat-treat temperatures are in the alpha 
plus beta field and should tend to trans- 
form the martensitic structure. How- 
ever, it is well known that these trans- 
formation rates are very slow for tita- 
nium alloys. The heat treatments used 
were partially dictated by commercial 
feasibility 

Figures 10, 11 and 12 summarize the 
results of each of these three heat treat- 
ments on each of the 11 alloy heats. In 
these figures the left-hand half of each 
double bar represents the as-welded 
properties and the right-hand half repre- 
sents the properties after the indicated 
postweld heat treatment. For the sake 
of brevity, only free bend data are 
shown since these are adequate to illus- 
trate the general effects \ study of 
these figures indicates no general duc- 
tility improvement by any of the three 
heat treatments. In order to evaluate 
each heat treatment the general im- 
provement In each heat across the whole 
range of interstitials must be considered. 
Almost as many heats were slightly 
embrittled by the treatments as were 
slightly improved, indicating that prob- 
ably experimental scatter is the primary 
cause Ol variation. 

Figure 13 shows the martensitic struc- 
ture of a typical low interstitial Ti- 6% 
Al-4°% V weld bead in the four condi- 
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tions: as-welded, and after 1100° F, 20 
hr WQ, 1100° hr ~ WQ and 
850° F/20 hr — WQ postweld heat 
reatments. It can be seen that no 
appreciable microstructural change is 
discernible. 


Summary and Conclusions 
The purpose of this investigation was 
to continue the study of the effects of 
the interstitial elements carbon, nitro- 
gen, oxygen and hydrogen on the weld- 
ability of titanium and its alloys. 

Two base alloys were used as the 
starting point for interstitial addition; 
both were alpha-beta alloys. The first 
alloy, Ti- 7% Al—3% Mo, received only 
limited attention because preliminary 
tests showed it to be, at best, marginally 
weldable with zero intentional inter- 
stitial additions, and the smallest addi- 
tion was enough to seriously affect its 
engineering usefulness. The low-inter- 
stitial heat, which contained only 
0.038% C, 0.013% Ns and 0.053% Os, 
did not fold consistently to less than one 
inch in the free-bend test after welding. 

The second alloy, and the one on 
which most of the experimental work 
was done, was the commercially avail- 
able Ti 60% Al-4°% V alpha-beta alloy. 
This alloy was found to have a much 
greater tolerance for interstitial ele- 
ments and a systematic study of its post- 
weld properties with interstitial element 
additions was accomplished. The re- 
sults indicated that the properties of the 
base alloy are not seriously impaired by 
as much as 0.17 to 0.20% oxygen, or up 
to 0.100% nitrogen. Carbon additions 
were lower than intended, and no alloy 
was produced which showed embrittle- 
ment caused by carbon alone. The 
highest carbon analysis obtained wa 
0.081% which had no deleterious effects 
in the presence of subcritical oxygen and 
nitrogen percentages. However, two 
heats containing slightly over 0.100% 
nitrogen did indicate a slight additional 
embrittlement effect by carbon on the 
order of 0.070% 

Hydrogen up to 150 ppm does not 
appear to have a marked embrittling 
effect upon otherwise weldable alloy 
heats. One heat containing 0.21% 
oxygen did show considerable embrittle- 
ment when hydrogen was added; and 
another heat which had decreased 
ductility with 0.160°% nitrogen suffered 
further embrittlement with hydrogen 
addition. Generally, however, 150 ppm 
hydrogen was not deleterious to the 
high-loading-rate mechanical properties 
which were measured. 

The question of whether the effect of 
an interstitial element adds to or sub- 
tracts from the effect of another inter- 
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Fig. 13 Weld metal microstructures, Ti- 


stitial element is shown by the data to 
be complex and has no simple answer. 

In one instance, hydrogen plus oxygen 
indicated an additive effect. Two other 
comparisons indicated an additive effect 
of carbon and nitrogen in combination. 
Another heat indicated that nitrogen 
plus oxygen are not additive. However, 
these questions should be further 
studied with heat analvses carefully con- 
trolled to approximately SO to 95% of 
each individual element maximum. It 
appears that slightly subcritical amounts 
may be additive when combined in the 
same heat. 

None of the six separate postweld 
heat treatments which were performed 
on the interstitial additive variations of 
the two base allovs gave a consistent 
property improvement. 
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THE WELDING OF MAGNESIUM ALLOYS 


Paper for 11W meeting presents the latest information 


on the metallurgy, static properties and welding characteristics of the 


commercial magnesium alloys currently used in the USA 


BY PAUL KLAIN 


ABSTRACT. The magnesium alloys cur- 
rently used in the USA and the effects of 
alloving elements on their welding charac- 
teristics are Both the older 
alloys used for room temperature and the 
newer allovs deve oped for elevated tem- 
perature service are covered. Their weld- 
ability, metallurgy and properties are dis- 
cussed \ discussion of the various 
welding methods now in use and the con- 
ditions for use of the new inert-gas 
sumable-electrode method 


cluded. 
Introduction 


discussed 


cCon- 


ure also in- 


The purpose of this paper is to present 
the latest the welding 
characteristics of the 
commercial magnesium alloys in current 
use in the USA. A brief outline of the 
welding methods most widely practiced 
in the USA together with a brief dis- 
cussion of the new consumable-electrode 


information on 


and pre yperti s 


are process is also reported. 

Extreme lightness is one of the best 
It has a 
specific gravity of 1.74 which may vary 
to 1.83 in its Of the light 
metals, aluminum is 1!/, times heavier 
while titanium is about 2'/. times heay- 
ier than 
loys have excellent machineability, hot 
formability, weldabilitvy, and high 
strength-to-weight ratio. 

Today, almost all industries realize 
the importance of lightweight and 
constantly searching for ways to reduce 


characteristics of magnesium. 


alloys. 


magnesium. Magnesium al- 


are 


weight to move things rapidly and with 
the least effort As a 
sequence, magnesium is finding increas- 
ing the aircraft, 
handling, transportation, textiles, 


and cost. con- 
materials 
tool- 
industries 


uses in 


ing plate and other basic 
where reduction in we ight or good work- 
ability are of recognized importance. 
One of the impressive things about 
its limitless supply 
One eubie 


magnesium is in 
nature. 
contains 12 billion pounds of magne- 
sium. Currently, almost all of the mag- 
nesium in the USA is produced from sea 
water. To supply more and cheaper 


Paul Klain is associated 


mile of sea water 


with The Dow Chemical 


Co., Metallurgical Laboratory, Midland, Mich 
Paper presented at the July 1, 1957 meeting of the 
International Institute of Welding, Essen, Ger 
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Table 1—Relations of Thermal Properties in Magnesium and Aluminum. Data from 
ASM Handbook, 1948 
Ratio by 
Vaaqnesiun volume 
Property By weiq't By volume B 5 1/ to Mq 
Heat of fusion SY eal/g 155 ecal/em 94 OHeal/e 255 em 3:2 
Specific heat 0 25cal/g eal/em 22 « g 0.58 ¢a m 
Thermal conden- 0.38 0.53 0.5 
sation cal/em ° C/s¢ C se 
Coefficient of Thermal Expansion 
20-100° C 26.0 10-*in./in. — °C 24.0 10 ! 
68-212° F 14.3 10-%in./in. — ° F 13 10 n.— °F 
wrought products, The Dow Chemical ability at room temperature, but at 
Co., sole producer of magnesium in the elevated temperatures, from 400 to 


USA, embarked on a major expansion 
program in 1951 and acquired new 
mills capable ol producing sheet in 


extruded products 
from from 250° to 
13 and greatly ex- 
panded its alloy ingot capacity. 


widths up to 72 in.., 
presses ranging 


200 ton capa ities 


Properties Important to Welding 
When heated in air to its melting point, 
magnesium tends to oxidize rapidly and, 
therefore, requires 
protection 


when welding, it 


by 


helium or argon or 


such as 
The 


commer- 


inert 
a flux cover. 


an gas 
welding fumes from all of the 


clal alloys those containing 
thorium, 
The welding 


toxic if 


except 
neither harmful nor toxic 
fumes from the thorium 
inhaled over a long 
thi 
fumes is sufficiently 


are 
allovs are 
period of time but concentration 
of in the 
low SO that good 


thorium 
ventilation or local 
protection. 


ade juate | 
| in the 


exhaust provid 
No radiation hazard is involve 
handling of thorium alloys 
The heat required 
is cal/g. A 
of heat 
aluminum and magnesium 
Table 1. 
imately two-thirds the heat of aluminum 
Its high 
re- 


to melt magnesium 

the 
weld 
in 


comparison — ol 
to 
Is given 


NeCCSSary) 


amount 


Magnesium requires approx- 
for fusion of equal volumes 
thermal expansion and conductivity 
quire good tooling and forms for holding 
the parts in alignment during welding. 
Magnesium limited work- 
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vs can be more 
other struc- 
perature. The 
at elevated 

extremely 


600° | 


severely 


Magnesium 

worked than the 

tural metals at room tem 
ol 

temperatures has proved 

and straight- 


CASE working obtained 


useful in stress relieving 
ening of weldments 

Fire hi 
allovs due to self ignition 
No 


ported as having 


magnesium 


izard when we ing 
extremely 
remote fires have ever been re- 
been ( iused by weld- 
often result 


- grinding dust, 


\Magnesium f 


Ires 


Ing 
from other 


causes, 


mill shavings, borings or routing chips 
unless good housekeeping is maintained 

The corrosion resistance of unpainted 
currently used illoys has 
been good in normal ( exem- 
plified by welded dockboards and lad- 
ders. For maximum protection, a suit- 
able paint svstem should be used with a 
prepaint chemical treatment. Elec- 
troplating may also be used. To pre- 
vent galvani oil and 
insulating tapes are used between dis- 
similar metals lr} of aluminum 
or vdmiul and zine-plated — steel 
greatly reduces galvanic attack. 

Some magnesium allovs, like other 


metals are susceptible to stress-cor- 
rosion Cracking Tl an be elim- 
inated by adequat stress-relief of 
weldments The stress relieving and 
straightening operations can are 
being done simultaneoush 
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AZ3 LB 
MELA 1.2 
AZ31B 3.0 0.3 
AZGLA 6.5 O15 
AZSO0A 85 O18 
ZKOOA 


AZU3A-T4 60 O15 
AZV2A-T6 0.10 
AZOLA-T4 90 0.18 
AZ91C-T4 5.7 0.13 
AZS1A-T4 7 6 0.18 
AM IOOA-TSI 10.0 0.10 
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Table 2—Composition and Physical Properties of Magnesium Alloys for Room-Tempercture Use 


Thermal 


condensation 
unis 


Specific 


Electrical res. 


microhm cm Solidification 


Zn OZ _ Others gravity (20° C) (20° C) range, ° F 
Sheet and Plate 
0 0.18 9.2 1050-1160 
2 0.21 RE 1.76 0.33 5.0 
Extruded Shapes and Sections 
1.76 0.33 5.0 1190-1202 
0 1.77 0.18 9.2 1050-1160 
0 1.80 0.14 12.5 990-1145 
5 1.80 0.12 14.5 910-1130 
7 O55 1.83 0.29 5.7 930-1175 


Casting Allovs 


0 

0 82 
6 
‘ 

7 SI 


13 13.9 830-1130 
12.6 830-1110 
16.4 875-1120 
11 16.4 875-1120 
12 15.2 855-L110 
15 11.2 925-1125 
15 11.6 910-1100 
25 6.7 


Alloying Elements 


\[agnesium has insutlicient mechan- 
ical strength in its pure state for struc- 
tural purposes and must be alloyed with 
other elements to obtain the desired 
properties. Aluminum, zine, man- 
ganese and zirconium are the most 
common alloying agents in the older 
room temperature alloys, while rare 
earth metals and thorium are the 
chief elements used in high temperature 
alloys. Berryllium and caleium are used 
to a lesser extent. 

Of the alloying additions, aluminum 
and zine, either singly or in combina- 
tion, effectively increase the strength of 
magnesium at room temperature 
These elements, however, also create 
two undesirable characteristics. The 
aluminum gives rise to stress-corrosion 
sensitivity of welds and the zine to 
severe weld cracking tendency. Man- 


ganese, beryllium and zirconium, be- 
cause of their limited solubility and the 
formation of high mp constituents with 
magnesium, do not affect the welding 
characteristics. Calcium, even though 
used in small amounts. causes severe 
weld cracking when present in amounts 
exceeding 0.05%. Rare earth metals 
(Mischmetal) and thorium show bene- 
ficial effects on the weldability, es- 
pecially in the case of zinc-containing 
alloys. They both appear to form high 
melting compounds with the zine and 
thereby increase the solidus tempera- 
ture to such a point that cracking is 
greatly reduced or completely elimi- 
nated. 
Commercial Alloys 
Magnesium alloys can be 
iently divided into alloys for room tem- 
perature and for elevated temperature 


conven- 


use. The nominal compositions and 


physical properties of the room tem- 
perature alloys are given in Table 2 and 
of the elevated temperature alloys in 
Table 3. The ASTM alloy designations 
are used throughout this paper. 


Wrought Alloys 

The room temperature Mg-Al-Zn and 
Mg-Mn alloys have been in commercial 
use in the USA for many years. The 
Meg-Zn-Zr (ZK60A) high strength and 
the other alloys have been only re- 
cently developed within the last 10 or 
15 vr. The Mg-Mn (MIA) alloy is 
used sparingly at the present time. It 
no longer is being offered as a sheet 
alloy due to its relatively low proper- 
ties. The AZ31B alloy in the form of 
sheet, plate and extrusions, is the one 
most widely used in welded applications. 
It is the best all around wrought alloy 
combining high strength, good ductility, 
toughness, formability and weldability. 


Th 


HIKSLA 


HMSIXNA 


HKSIA 3.3 

HZ32A 3.3 
ZH62A 18 §.7 


Spe ific 
gravily (100 


Others 


Sheet and Plate 
7 1.79 


0.6 Mn 1.78 


extruded Shapes and Sections 
7 1.79 


1.5 Mn 1.81 


Casting Allovs 


35 1.79 
7 1.0 1.81 
7 3.3 1.83 
7 1.7$ 
7 1.83 
75 


Table 3—Composition and Physical Properties of Magnesium Alloys for Elevated-Temperature Use 
The rmal 


conductivily 


gs 


0 


300° C) 


Electrical res. 
unils microhm em 


Solidification 
(20° C) range, ° I 


5 6.6 1092-1195 
1121-1202 


1092-1195 
1121-1202 


26 6.3 1100-1184 
24 6.9 1095-1193 
24 7.0 LOLO-LIS89 
22 1092-1195 
26 6.5 1026-1198 
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This alloy is of the nonheat-treatable 
type and depends on work-hardening 
effects for higher strengths. The AZ61A 
extrusion and forging alloy also is not 
heat treatable, while the AZSOA and 
ZK60A can be aged to increase their 
strengths. 

Two of the most promising room-tem- 
perature, wrought alloys nearing the 


commercial stage in the USA are 
ZEIOXA sheet and ZK20XA_ extru- 
sions. These alloys are now being sup- 


plied in limited quantities for evalua- 
tion of production and service charac- 
teristics. Their chief advantage over 
the Mg-Al-Zn alloys is their 
tivity to stress-corrosion cracking after 
This makes it to 
eliminate stress-relief treatments after 
should advanta- 
geous in structures where stress-relief is 
difficult to apply and not necessary for 
straightening. 


insensi- 


welding. possible 


welding and 


prove 


The high-temperature HKS1A 
wrought and cast alloy of the composi- 
tion shown in Table 3 was only re- 


cently developed to fill an existing need 
for a lightweight material of superior 
creep strength at temperatures up to 
600° F. It is available as sheet and 
plate in the -H24 temper (half hard) 
and in the -O0 temper (annealed). It can 
also be heat treated to the -T6 temper 
for better properties but it has to be 
done by the user. More recently, a 
newer alloy designated as HM21XA- 
TS, which does not require heat treat- 
ment by the user for maximum prop- 
erties, has been announced.’ It has im- 
proved high-temperature properties and 
superior creep strength over HK3I1A. 
A limited quantity is 
tributed for evaluation on production 
parts. Both HK31A and HM21XA 


possess excellent weldability. 


now being dis- 


Cast Alloys 

The most widely used room-temper- 
ature cast alloys are AZ63A, AZ92A and 
AZ91C for sand and permanent mold 
AZ9I1A for die 
Because of their higher alloy contents, 
these alloys are more crack sensitive 
than the wrought alloys and generally 


castings and castings. 


require preheating prior to welding. 
The other room-temperature cast al- 


loys are used to a lesser extent in the 
USA and, therefore, only limited weld- 
ing data are available. 

As shown in Table 3, the recently- 
developed high-temperature magnesium 
cast alloys require either rare earth 
metals in the form of ‘““Mischmetal”’ or 
thorium as the alloying agents. The 
earth-metal composi- 
tions are used chiefly as sand castings 
in applications requiring good creep 
strength at moderately high tempera- 
tures. The thorium-containing alloys 
exhibit even higher creep resistance and 
are used in both the wrought and cast 
forms for applications at 


magnesium-rare 


operating 
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Cast alloy 
Rating Room temp High temp Room temp High temp 
Excellent MIA HK31A ANMIOOA HK31A 
\Z31B HM31XA AMS0A EK30A 
Good AZGLA AZSLA 
ZEIOXA HZ32A4 
ZK2O0XA 
AZS0A 
Fair AZY 
Poor AZ92A 
Very Poor ZK6OA AZ63A 
ZK51A 


Table 4—Weldability Rating of Commercial Magnesium Alloys 


rought alloys 


Table 5—Welding-Rod Alloys for Use on the Different Alloys to Be Welded 


Welding 
rod 


auoy 


MIA 
AZ6OLA 


AZ92A 


which can be { 
Sheet and plate Ext Casting 
Room-Tempe rature Alloys 
MIA 
AZ31B, ZEIOXA AZ31B, AZGLA 
AZSOA, ZK20NA 
AZ3S1B, ZELOXNA AZ31B, AZ61A, AZO3A, AZ92ZA, 
AZSOA, ZK20NA AZYIC, AZS1A, 
AMSOA, AMIO0A 
AZOSA 


| levated-Tempx rature Allo 


HKS3SLA, HM21IXA HM3INA, HKSLA KALA, EZ33A, 

HK31A, HZ382A 
HK31A, HM21NXNA HMS3INA, HKS3SIA HKS1A 

HZ32A 


Table 6—Room-Temperature Properties of Arc-Welded Magnesium Alloys Used at 


Z31B-O 

A Z31B-H2 
ZEIOXA-O 
ZEIOXA-H 


MIA-F 
AZ31B-F 
AZG61A-F 
AZS0A-] 


ZK20XN 


AZ63A-F 
AZ63A-T4 
AZ63A-T6 
AZ92A-I 
AZ92A-T4 
AZ92A-T6 
AZ91C-F 
AZOLC-T4 
AZ91C-T6 
AZS1A-1 
AZS1A-T4 


Room Temperatures 


Original metal properties 


Welding 1000 
rod 1000 psi Elongation ps Elongatior 
allo TS TYS in@in in@in 
Sheet and Plate 
22 21 6 12 
AZ61B $2 32 15 10 
AZ61B 24 25 
24 AZ6O1B 7 6 52 6 
Extrusions 
MIA 26 20 2 
AZGLA 3S 29 1Z 
AZGLA 15 33 16 1) 8 
AZOLA 36 42 
AZOLA 28 7 
Casting Alloys 
AZOSA 20 14 6 24 2.5 
AZO3A 36) 14 12 8 5.0 
AZO3SA 36 19 5 30 2.0 
AZO2QA 24 14 2 24 2.5 
36 14 10 28 10 
AZQ2A 36 23 2 30 2 0 
AZO2ZA 24 14 2 24 2.5 
AZ92A 36 14 1] 28 1.0 
AZO2QA 36 19 30 2.0 
24 14 6 24 2.9 
AZO2A 36 14 12 Ss 


W eld properties 


( 
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Acetic picral etch 
Structure of -in. AZ31B-F plate 


Fig. | 
X100 


even higher temperatures than those at 
which the rare earth metal alloys are 
The rare earth metal and thor- 
ium-containing alloys exhibit very good 


used 


welding characteristics. 
A comparison of the properties of the 
unwelded cast AZ63A AZ92A4 al- 


lovs with the high-temperature alloys 


and 


aut various temperatures, as shown in 
Table 10, illustrate the 
periority ol th newly developed alloys 
at the elevated temperatures. 


serves to su- 


A 
J Voz » 


Acetic picral 


0.064-in. ZE1OXA-O sheet 


Fig. 2 Structure of 0.064 ZEIOXA-O sheet and weld junction, AZ61A weld 
metal. X 250 


Structure of | »-in. AZ31B-F plate 


Weld 
Weld junction on '/»-in.AZ31 B-F plate, AZ61A 
weld metal 


Acetic picral etch 


and weld junction, AZ61A weld metal 


Weldability 


In most 
crease in alloy content generally results 
in an the solidification 
range and in weld cracking tendency 
and in a decrease in the melting point, 
shrinkage and electrical and thermal 
conductivities. In general, the richer 
allovs show less grain growth in the 
area next to the therefore 
show higher weld efficiencies than the 


magnesium alloys, an in- 


increase in 


weld and 


low-allov-content materials. 


Weld 
Weld junction, AZ61A weld metal 


Acetic picral etch 


Table 7—All-Weld-Metal Properties 


of Various Rod Alloys 


‘ 


Elon- \/loy on 

gation which 
Rod 1000 pst in rod was 
alloy TS TYS in. de posited 


AZ31B 
AZ6IA 36.2 14.5 16.2 ZEIOXNA 
AZ92A 36.8 18.9 8.0 AZ31B 
HK3IA 26.0 13.8 10.5 HMS31IXA 
HZ32A 32.3 19.0 11.5 HZ32A 
HZ32A 31.5 16.5 10.0 HM31IXNA 
HMS3INXNA 


EZ33A 26.8 19.8 3.5 
26.0 5.5 HM31IXA 


Alloys containing up to 6% aluminum 


and up to 1% zine possess good weld- 
ability, while those containing over 6% 
aluminum and up to 19% zine are mildly 
crack sensitive. If the zine exceeds 1% 
in the higher aluminum-containing al- 
loys, weld cracking becomes severe, as 
in the case of cast alloys AZ63A and 
AZ92A. Even without aluminum, the 
alloys containing over 3°% zine are hot 
short and difficult to weld. Nearly all 
the high aluminum-zine containing cast 
alloys, in addition to being crack sensi- 
tive, are also subject to incipient fusion 
of the grain boundary compound or 


Acetic picral 


AZ63A-T4 welded 
(Reduced by 


Fig. */s-in. 
with AZ92A rod. X5 
upon reproduction) 


alloy 
HIKSLA-H24, Unwelded 
HK31LA-H24, Welds 
HK3SLA-O, Welds HKSLA 
HM21NXA-TS, Unwelded 
HM21NA-TS, Welds HIKSLA 
HM21NXA-TS, Welds HM2INA 
HM21NA-TS, Welds 
HM21NXA-F, Unwelded 
Welds 
HM31IXA-F, Welds HMSINA 
Welds EZ33A 


70° F 
1000 psi Elongation 1000 psi 
TS TYS in 2 in. TS TYS 
55.0 21.0 23.0 22.0 21.0 
27.6 17.2 14.2 
90 30.0 6.0 24.0 22.0 
10.3 24.4 1.5 22.9 
4.0 25.0 10.0 I8_O 17.0 
27.0 1.5 19.0 14.4 
22.2 16.3 1.5 18.2 12.9 
31.0 22.5 15 19.4 15.3 
17.0 1.0 6.0 26.0 24.0 
24.0 16.0 16.7 9.5 
24.5 15.8 2.5 16.9 10.1 
290.9 19.6 1.8 21.1 12.5 


Table 8—Properties of Welds in Wrought High-Temperature Alloys 


Testing temperature 
{00 


I 
Elongation 1000 psi Elongation 
in 2 in. TS TYS in 
36.0 11.0 7.0 Sb 
20.0 11.2 8.2 16.8 
16.0 13.0 7.0 70 
5.8 14.3 8.2 55.5 
30.0 14.0 12.0 15.0 
8.0 14.9 11.4 14.5 
5.5 14.6 12.3 13.5 
7.5 14.1 11.8 11.0 
14.0 18.0 16.0 26.0 
23.3 11.8 8.3 51.3 
10.0 12.3 9.3 15.3 
22.0 12.6 8.9 26.6 
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— 
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Fig. 4A 
plate with AZ92A rod. X4 


1000 pst 


Alloy TS 
EK41A-T5, Unwelded 20.3 
EK41A-T5, Welds 
EK41A-T6, Unwelded 24.3 
EK41A-T6, Welds 22.6 
£Z33A-T5, Unwelded 20.6 
EZ33A-T5, Welds 20.6 


HK31A-T6, Unwelded 31.0 


HK31A-T6, Welds 31.0 
HZ32 A-T5, Unwelded 295 


HZ32A-T5, Welds 


Table 9—Properties of Welds in Cast High-Temperature Alloys 


Testing ten perature 


70° F (00° F 
Elongation 1000 psi 
TYS in 2 im TS TYS 
0.5 19 0 12.0 
15.1 1.0 
17.0 4.2 19.0 12 4 
14.3 6.2 20 2 10.8 
15.6 2.1 21.0 11.0 
16.4 18.7 11.3 
16.0 6.0 29 () 13.0 
16.5 9.5 20.0 12 4 
19.0 3.8 13.0 
8 13 


ongation p ongation 
in Zin 7YS 
16.0 11.0 7 57 
12.5 11.8 oe 70.2 
9.8 10.2 6.1 27.6 
22.0 12.0 8.0 50.0 
13.3 10.6 6.8 50.4 
16.0 19 0 11.0 21.0 
14.4 16.5 11:2 11.5 
30.0 3.0 10.0 38.0 


eutectic. This results in small fusion 
voids in the heated zone and lowered 
properties. The ZK60A and ZK51A 
alloys fall in the class of very limited 


weldability with a high tendency to 
cracking. 
The relative weldability or weld- 


cracking tendency of the currently 
used magnesium alloys is indicated in 
Table 4. 
eral but 
and production experience where avail- 
able. 


These ratings are quite gen- 
are based on both laboratory 


The ratings for the wrought and 
cast alloys are based on techniques used 
to itself. 
When welding to other alloys, best re- 


when each alloy is welded 
sults are obtained if alloys of the same 
class or as near similar physical prop- 
erties as possible are matched. 

The welding of cast alloys may in- 
volve the repair of casting defects or of 
welding to wrought materials in strue- 
tural parts. Because of the crack sen- 
sitivity of the higher-zine-containing 
room-temperature alloys, the practice 
in repair welding is to preheat the al- 
loys to between 650 and 750° F, with 
care being taken not to preheat a given 
alloy above its solution heat treating 
or incipient 
Where welds are 
restrained 


melting temperature. 


made in relatively un- 


areas, such as on external 


s-in. 
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AZ91C-T6 welded to 


bosses or flanges, preheating Is not re- 
quired and only preheating at 
300 to 500° F When weld- 
ing castings to wrought products, pre- 
undesirable or impos- 


local 
is sufficient 


heating may be 
sible, in which case only cast alloys with 
a weldability rating of fair or better 
are used. 

Limited data indicates that the rare 
earth 
alloys can be repair welded without pre- 
heat, although practice they 
preheated to about 500° F 
of welding. 
the 
not as well established as on the room- 
temperature allovs and, in the ol 


ZH62A, no information is available. 


metals and thorium-containing 


in are 
usually for 
Welding information 


ease 


on high-temperature cast alloys is 


Case 


Welding Rod 

The welding-rod 
on the different allovs 
the 


used 
ire listed in Table 
rod 


compositions 


5. Generally, 
tion as the allov to be 


sam COmposi- 
welded or one of 
higher-alloy content and lower mp is 
used 


the 


aS possible 


However, for economic reasons 
number of rods is reduced to as few 
For the Al-Zn 
the AZ92A rod is useful on all 
but the AZ61LA 
wrought allovs be« 


The 


containing 
alloys, 
allovs is also used on 

ol its 


welding-rod compositions 


lower 


cost. 


Weld. Acetic picral 


AZ31B-F 


s-in. 


X 50 
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j 
Dinh 


for use with the high-temperature al- 
lovs have not been firmly established 
as vet, although indications are that 


EhZ33A mav be used on all the cast and 
wrought high-temperature alloys and 


HK31 \ on all 


taining zinc 


thorium allovs not con- 


Properties of Welds 


In Table 6 are shown the properties 
of the allovs used at room temperature 
together with the preferred welding rod. 
In the \Mg-Al-Zn svstem, the weld 


allovs are at 


strengths of the wroug! 
least 90°7 of that of the annealed sheet 
In the work- 


the efficiency 


extruded base metal 


AZ31B 


or 
harck ned 


is lower, although the actual strength 
is equal te or slightly higher than in 
welds made on annealed material. 

As a general rule, welded joints fail 
in the heat-affected zone rather than in 
the weld itself This is due to the high 


tal, as shown in 


its fine grain, and 


strength of the weld me 
Table 


as a result ol 


to the lowered strength and slight grain 
growtl in the heat-affected Zone, 
These effects are illustrated in Figs. 1 


and 2 showing the base metal and weld 
joints AZ31B and ZEIOXA sheet. 
No sig uficant gra growth occurs 


counting tor 


AZ31B 


in 
its high 


Fig. 4B AZ91C-T4 weld junction with AZ92A weld metal. 


ee 
Bip 
27.5 33.0 12.3 6 26.3 
abe 
‘ae 


strength, while the grain growth in 
ZVKAOXA is sufficient to reduce its 
strength to below that obtained on 
AZ31B welds, even though original 
strengths are the same. 

The weld str ngths of the room-tem- 
perature cast alloys AZ63A, AZ92A and 
AZ91C, as shown in Table 6, are lower 
than can be obtained due to the pres- 
ence of some porosity and incipient 
fusion. With absolutely sound cast- 
ings, weld strengths in both the -T4 
and -T6 tempers attain values of 34,000 
psi or 95°) of the base metal, as illus- 
trated by the values for AZSIA. Weld 
strengths on other cast alloys are not 
included due to scarcity of data. 

The extremely-fine grain size obtained 
in the welds in the Mg-Al-Zn castings 
with AZ92A rod are typified by the il- 
lustrations in Figs. 3 and 4 on AZ63A 
and AZ9IC alloys. Figure 4b shows 
the difference more clearly at the higher 
magnification. 

The tensile properties of the welded 
high-temperature alloys at room and 
elevated temperature as obtained on a 
limited number of tests are given in 
TablesS and 9. The room-temperature 
properties and efficiencies of the wrought 
allovs are low due to the annealing 
effect of the weld thermal cycle, but, 
elevated temperatures, the welds in 
most alloys are as strong as the base 
metal. The cast alloys are not affected 
by the welding heat and their weld 
strengths are equal to the base metal. 
The microstructure of the weld june- 
tion in HK31A-H24 sheets with HK3LA 
rod is shown in Fig. 5. In Figs. 6, 7 
and 8 are shown the weld junctions in 
HKS3LA-F, EZ33A-T5 and HZ32A-T5 
castings. Again, the extremely-fine 
gyrain size in the welds stands out. 
Crain growth in the heat-affeected zone 
is shown to be very slight. 


Heat Treatment After Welding 

None of the wrought alloys require 
any treatment after welding for prop- 
erty improvement, but nearly all the 
casting alloys do require heat treat- 
ments to improve their properties. 
The post-weld heat treatments for the 
various casting alloys are shown in 
Table 11. Beeause of the fine grain 
size and the fine dispersion of the com- 
pounds in the weld, relatively short 
heating times may be used to obtain 
good solution heat treatment in the 
Mg-Al-Zn series. In the case of AZ- 
92A, AZSIA, and AZ9IC, the mini- 
mum heat-treatment time must be used 
to avoid excessive grain growth. Reg- 
ular heat treatments can be used on the 
other alloys. 

When post-weld heat treatment is not 
necessary to obtain maximum proper- 
ties, stress-relief heat treatments may 
still be required for dimensional sta- 
bility or to avoid stress-corrosion. These 
are shown in Table 12 for the room-tem- 


» 
tu ‘ 4 
€ 
‘ 
> 


Weld. Acetic glycol 
Fig. 5 Weld junction in 0.051-in 


HK31A-H24 sheet welded with HK31A 
rod. X200 


Weld. Glycol 


Fig. 6 Weld junction in */;-in. 
HK31A-F with HK31A rod. X100 


perature alloys. Only the Mg-Aland the 
Mg-Al-Zn series of alloys appear to be 
susceptible to stress-corrosion cracking 
after welding. Data on other alloy 
systems are still inconclusive but indi- 
cations are that welds in aluminum- 
free alloys are not stress-corrosion sen- 
sitive, and therefore do not need this 
special treatment. 
Welding Processes 

The welding processes most widely 
used are the inert-gas tungsten-are, the 
inert-gas metal-are (consumable elec- 
trode), gas and spot welding. Other 
processes which can be used include 


: 
Ke r 


Weld. Acetic picral 


Fig. 7 Weld junction in ,-in. 
EZ33A-T5 with EZ33A rod. X60 


Ney 
We 


Weld. Glycol 


Fig. 8 Weld junction in */,-in. 
HZ32A-T5 with HZ32A rod. X100 


brazing, soldering and, to a lesser ex- 
tent, seam, flash and pressure welding. 
Arc Welding 

Both the tungsten and the consumable- 
electrode inert-gas-shielded are proc- 
esses can be used, although the latter 
is limited at present to the welding of 
heavy-gage materials.§ In the tungsten- 
are process, both the d-c electrode 
positive and the a-c with superimposed 
high-frequency current can be used as 
power sources for welding. Present 
day usage is overwhelmingly in favor 
of a-c high-frequency-stabilized cur- 
rent. D-e welding is limited to the 


Table 10—Elevated-Temperature Properties of Magnesium Casting Alloys* 


(00° F, 1000 psi 00° F, 1000 psi 700° F, 1000 psi 
Creep Creep Creep 
Alloy TS TYS strength TS TYS strength TS TYS © strength 
AZ92A-T6 17 12 1.4 8 5 
AZ63A-T6 18 12 8 6 
EK30A-T6 20 12 7.6 12 Ss 1.2 
EZ33A-T5 21 11 8.0 12 8 1.2 
EK41A-T6 22 14 7.8 13 9 1.5 6 4 
HK31A-T6 24 14 9.5 20 12 2.9 13 8 1. OF 
HZ32A-T5 17 10 7.8 12 8 3.6 10 7 2.07 


For tensile tests samples held 10 minutes at temperature before testing. 
Creep strength based on 0.2°7 total extension in 100 hr. 


* Unwelded. 
+ 660° PF. 
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Table 11—Heat Treatment of Castings After Welding 
De sired 


Preheat Condition condition 
temp + MW elding 2) before after 
Alloys 10° F(1\(5) rod welding veldina 
AZ6O3A 725 AZ92A or T4 or -T6 -T4 
preheat at rate not exceeding 150° /hr from 500° 
F to heat treat temp +10 hr at 725 +: i 


hr at 730 + 5° F(3) plus aging 5 hr at 425° F 


AZ63A - T preheat at rate not exceeding 150° from 500° F 


to heat treat tem Ar at (Zo = O 
+5 hr at 425° | 
AZ92A 750 AZ92A -T4 or -T6 T » hr at 770 
-T4 or -T6 hr at 770° Fi aging 4 hr at 500° I 
AZ91IC 750 -T4 or -T6 hr at 775 
-T4 or -T6 hrat 775+! + aging Io hr at 320° F 
AZS1A 750 ZY: -T4 -T hr at 780 
EK30A 500 1Z3: oF T 16 hr at 400 
500 1233. -T! -Ti 16 hr at 400 
Z3: zi T 16 her it 400 


+ 


EZ33A 500 iy T5 2 hr at 600° F 4 rat 420° | 
HK31A 100) 16 hr at 400° I 
HZ32A 500 HZ32 Ti he 2 hr at 650° F + 16 hr at 600° | 


< here recommended when preheating -F castings, not required for -T4 or -T6 castings if above temperatures are not 


exceeded 

Condition: -F as cast, -T4 solution heat treated, -T6 solution heat treated and aged, -T5 artificially iged 
) Solution of compound in 15 to 30 min at temp AZ63A castings welded with AZ63A rod can be re-solution heat treated along with 
unwelded AZ63A castings being given standard -T4 treatment. If AZ63A castings are welded with AZ92A rod, limit is hr at temp 


( 


9 


$) SQ, atmosphere recommended for solution heat treating 


5) Preheat usually needed on thin or restrained sections. Loeal or no preheat on heavy or unrestrai 


welding of thin sections and, in some portant for sound welds. The presence veal 
in For best quality welds in military ap- 


cracks because of staining effects. 
cases, to the repair of castings. Its of oil or organic material results 
current- porous welds. Cleaning prior to weld- plications, the operators must pass the 


chief drawbacks are the low | 
carrying capacity of the tungstens, shal- ing may be done with mechanical NITL-T-5021 specification 


low penetrations and wide — beads. means such as wire brushing or steel 
Helium gas is almost a necessity in d- wooling. Chemical cleaning requires Consumable-Electrode Process® 
suf- degreasing, followed by «a chemical This inert-gas-shielded metal-are proc- 


welding to maintain stable and 
the treatment of 2 to 3 min in a solution of ess features the use of a continuously- 


ficiently long are. In the case of 
a-c arcs, both helium and argon or mix- 
used for trate solution, followed by rinsing and trode and d-c-electrode positive current 
air drying. Weld “smoke” or the de- as the power source. Argon gas is the 
Current densities up 


20% chromic acid plus 3% sodium ni- fed bare magnesium wire as the elec- 


tures of the two gases are 
shielding. Some prefer to use helium in 
place of argon in a-c welding because it posited surface oxide on the weld can preferred shield. 
increases the current carrying capacity be removed either by wire brushing or to ten times those in the 
unusual effects 


tungsten are 
of the tungsten, gives a slightly hotter by chemically treating in a solution of ire used. As a result 
arc with narrower and deeper weld 10% tetra sodium pyrophosphate plus on metal transfer are obtained. At low 
penetration, and reduces the “are pop- 2% sodium metaborate at 180° F fol- current densities, the metal transfer is 
globular and shallow penetration is ob- 
tained. As the current density in- 
‘reases, the globules decrease until a 


ping” or “are spatter” when operating lowed by rinse ind the required 

at the top current-carrying capacity ota chemical treatment 

given size tungsten. Completed welds may be inspected 
Tungsten-are welding can be used on for soundness with the fluorescent or fine spray as shown in Fig. 9 is obtained, 

most all thicknesses. Backing bars are dye penetrants, X-ray and pressure which also results in deep penetration. 

often re- Welding speeds are in the range of 24 


used wherever possible, although free tests. Chemical treatments 


drop-down can be readily used after 
some experience. Complete weld pen- Table 12—Stress-Relief Treatments for Some Commercial Magnesium Alloys after 
etration is required for the maximum Welding 

strengths. Rigid clamping to mini- 


mize distortion is necessary. In weld- Sh Extrusion 


Ten Tem- 
ging is required if good tack-welding y 

ire, 


ing heavy thicknesses, little or no jig- 


sequences are used. Single-pass square } 
butt joints can be readily made in \Z31A-0 MIA-F 500 AZ63A 500 
thicknesses up to in. Welding AZ31-H24_— \Z31A-F 500 AZO2A 500 
\Z61A-F 500 1¢ 500 
\ZS0A-F 500 AZSLA 500 
12 ipm. (\Z80A-T5 100 AMSOA 500 
ZK60A-F 500 AMI00A 500 

Cleaning ZK60A-T5 300 
As in other metals, cleanliness of all 
parts, including the welding rod, is im- * Treatment applies to -F, -T4, -T5 and -T6 tempers 


speeds up to 16 ipm are possible man- 
ually, but the usual range is from 6 to 
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Table 13—Welding Conditions for AZ61A Consumable Electrode on AZ31B Plate 


in Argon 
Plate Wire Wire Welding 
thickness, diam, Are speed, spe ed, 
in in Volts imp ipm ipm Type of weld 
0.050 24-30 220-280 788-960 24-36 Butt and fillet 
a/, 0.050 22-24 220-230 830-913 . Vertical down fillet 
/, 0.050 24-26 220-230 913 _ Vertical down fillet 
0.064 24-30 240-290 550-660 Butt and fillet 
3/, 0.064 24-30 260-350 560-745 Butt and fillet 
! 0.064 24-30 320-390 740-820 Butt and fillet 
0.092 24-30 350-385 Butt and fillet 
' 0.092 24-30 350-380 360-402 Butt and fillet 
8/, 0.092 26-30 370-420 375-417 Butt and fillet 
| 0.092 26-30 370-420 375-417 Butt 
ipm = in. per min. 


to 36 ipm. The process can be used on 
materials * ys in. or thicker. 


The deposition rates for the 0.027, 


0.050, 0.064 and 0.092-in. diameter 
AZ61A wires in argon are shown in 
Fig. 10. Spray metal transfer, at which 


the best welding conditions exist, are ob- 
tained by operating above the critical 
current and wire speed indicated. The 
necessity for high melting rates results 
in considerably heavier than usual 
beads, with appearances as shown in 
Fig. 11. The best welding conditions 
to use with the different wires for the 
various metal thicknesses are sum- 
marized in Table 13. A comparison of 
the melting rates of AZ61A magnesium 
and 1100 (2S) aluminum wires is shown 
in Fig. 12. The magnesium wire melts 
at least twice as fast as the same size 
aluminum for a given current. The 
high deposition rates should prove of 
considerable advantage in multi-pass 
welding. 
Gas Welding 

The gas-welding using an 
oxyacetylene flame and a chloride-base 
flux, is useful primarily for thin-gage 
stock. Its chief advantage over arc 
welding is the greater freedom in fit-up 
and the simpler jigging. 
Wooden jigs can be used freely where the 


process, 


consequent 


flame does not impinge on the wood. 
Its disadvantages compared to are 
welding are the distortion, 
slower welding speeds, and dangers of 
flux entrapment and the resulting cor- 


greater 


0.064-in. diam. AZ61A wire in argon 
gas 


328-s 


Fig. 9 Spray metal transfer arc with 


rosion. Gas welding has been used only 
sparingly for magnesium in the USA 
since the advent of the inert-gas-shielded 
arc-welding process, 
Spot Welding 

The spot welding of magnesium re- 
quires good precleaning of surfaces for 
consistently sound welds. For the best 
welding conditions, surface cleanliness is 
usually indicated by a measure of the 


Table 14—Typical Shear Strengths of 
Spot Welds in AZ31B and HK3I1A 


Sheet 
Sheet — Average 
thick- spot Single spot 
ness, diam shear strengths 

in. (in.) AZ31B-O HK31A-H42 

0.020 0.14 220 
0.025 0.16 270 
0.032 0.18 330 300 
0.040 0.20 410 
0.051 0.23 530 550 
0.064 0.27 750 720 
0.081 0.31 890 
0.102 0.34 1180 
0.125 0.38 1530 1420 


surface 


less 


electrical resistance, which 
should be than 50 microhms. 
Chemical cleaning is preferred to me- 
chanical for most production work be- 
cause faster and more uniform results 
are obtained. The chemical cleaner 
consists of a water solution of 18-24% 
CrO, and 0.05% H.SO,. Parts are im- 
mersed in this solution for 3 min after 
proper prior degreasing treatments. 
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Fig. 10 Melting rates of AZ61A wire in argon arcs 


Fig. 11 
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Fig. 12 


The same welding equipment used for 
aluminum works satisfactorily on mag- 
nesium. 
phase ac, the stored-energy type, or the 
latest 3-phase low-frequency type. In 
general, magnesium requires slightly 
lower currents and electrode forces than 
aluminum. 
tivity-copper electrode tips are used. 
Tip radii are dome-shaped with radii 
ranging from 2 to 6in. Under the best 
conditions, about 50 to 100 spots can 
be made between tip cleaning. Tip 
life is limited either by the appearance 
of copper on the surface of the spot or by 
sticking of the tips to the work piece. 
Copper deposits on 
undesirable because of galvanic corro- 
sion and should be completely removed 
with steel wool or fine abrasive. 

Typical single shear strengths of welds 
in various gages are shown in Table 14. 
In general, spot-weld strengths are di- 
rectly related to spot diameter and ap- 
proximate strengths can be obtained 


The machines may be single- 


Water-cooled high-conduc- 


magnesium are 


Melting rates of magnesium and aluminum wires 


from the spot diameters. Spot-welded 
joints have relatively low fatigue 
strengths in comparison with  are- 
welded joints and, therefore, should be 
avoided — in applications where they 
might be subjected to excessive vibra- 
tion. 
Other Methods 

Brazing, soldering, seam and flash- 
welding are not used widely at this 
time. Brazing applications using the 
flux-dipping technique have recently 
shown considerable promise. 


Summary 

The latest information on the metal- 
lurgy, static properties and welding 
characteristics of the commercial mag 
nesium alloys currently used in the 
USA are presented. It is shown that 
the recently-developed high-tempera- 
ture allovs containing rare-earth metals 
and thorium have good welding charac- 
teristics and weld strengths which ap- 
proach or equal the strengths of the un- 


welded materials at elevated tempera- 
tures. The welding methods in widest 
use are shown to be the inert-gas- 
shielded 
spot-welding 
teristics and conditions for use of the 
new consumable-electrode inert-gas- 
shielded are deseribed. 
This method is characterized by high 
weld-metal deposition rates and deep 
penetration. 


tungsten-are and resistance 


processes. The charac- 


method are 
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APPENDIX 


Compositions of Etchants for 
Magnesium Alloys 


1. Phospho-picral etchant 


Orthophosphori acid 0.7 ml 

Picric acid 4.0¢8 

Ethyl alcohol (95%) 100 ml 
2. Acetic-picral etchant 

Saturated picric acid in 

95% ethyl alcohol 100 ml 

Glacial acetic acid 10 ml 
3. Acetic-glycol etchant 

Ethylene glycol 60 ml 

Distilled water 19 ml 

Glacial acetic acid 20 mi 

Concentrated nitric acid 1 ml 
1. Glveol etchant 

Ethylene glycol 75 ml 

Distilled water 24 ml 

Concentrated nitric acid 1 ml 


Correction: 


as follou s: 


Il is lo he noled thal the : 


** Fundamental Concepts of Orygen Cutting” 


by R. L. Stoecker and W. B. Moen 


In the March 1957 issue of Tue Wexpinc Journ, page 155-s, center of column 3, the first equation reads 


power was omitted from the brackels in the original publication. 
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THE PRACTICAL WELDING METALLURGY 
OF NICKEL AND HIGH-NICKEL ALLOYS 


Review of what is now known, or believed to be true, 


concerning the effect on weldability of some twenty elements which 


may be present in nickel-base alloys is given in 11W paper 


BY GEORGE R. PEASE 


ABSTRACT. The elements 
chromium, iron and cobalt form binary 
solid solutions with nickel over wide 
concentration ranges and, within these 
ranges, have relatively little effect on its 
welding metallurgy Another group of 
elements including sulfur, phosphorus, 
zirconium, boron and lead are practically 
insoluble and undergo eutectic reactions 
which can initiate hot cracking unless 
preventive measures are applied. In 
small amounts, aluminum, titanium, car- 
bon, molybdenum and silicon are either 
beneficial or innocuous, but these ele- 
ments, too, may induce hot cracking if 
their respective critical tolerances are ig- 
nored Gas reactions may cause por- 
osity if uninhibited, but cracking is usually 
not traceable to this source 


copper, 


Introduction 

Unlike iron, its near neighbor in the 
periodic table, nickel 
phase transformation to complicate its 
metallurgy. For this and other rea- 
sons, one could assume the welding met- 
allurgy of pure nickel to be so uncom- 
plicated as to require relatively little 
discussion. The fact is however, that 
when nickel appears in commercially 
important forms, it is always alloyed 
with other elements. Even so-called 
commercially-pure nickel may contain 
up to '/.°) of extraneous matter. 
Most high-nickel alloys contain at 
least 109% and up to 30 or 40°% of other 
elements which have been added to 


undergs es no 


modify its properties in some way. 
Because these other elements are 
present and because they are present 
for commercially important reasons, it 
becomes desirable for the welding 
metallurgist to understand their indi- 
vidual and combined effects on weld 
metal and on those portions of the 
base metal which may be influenced by 
the heat of welding. To this end, it is 


George R. Pease is Head, Welding Research 
Section, International Nickel Co., Inc., Bayonne, 
N. J. 

Paper presented at the July 1, 1957 Meeting of 
International 
Germany. 
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Table 1—Effects of Some Commonly 
Present Elements on the Weldability 
of Nickel and Nickel Alloys 


No 
major Harm- 
Beneficial effect Variable ful 
Nb Mn Al Pb 
Mg Cu Ti Ss 
Cr P 
Fe Mo 
Co ™ B 


proposed to review what is now known, 
or believed to be true, concerning the 
effect on weldability of some 20 ele- 
ments which may be present in nickel- 
base alloys (Table 1). Experience and 
time will probably reveal exceptions 
to what are intended, for the purpose 
of this review, to be generalizations. 
This is as it should be and will repre- 
sent progress whenever it occurs. 


Weldability of Nickel 

One of the purest forms of nickel 
which is available in sufficient quantity 
for weldability studies is electrolytically 
deposited nickel. One might expect 
metal of this purity to be capable of 
being welded rather satisfactorily, but 
such is not the case. Irrespective of 
the filler metal which is used, extremely 
fine longitudinal cracks are likely to 
occur in the heat-atfected zone of the 
electrodeposit, no further than 0.001 
to 0.005 in. (0.02 to 0.1 mm) from the 
edge of the weld. The amount of 
cracking which is experienced decreases 
in logical fashion as the severity of in- 
duced welding stresses is decreased and 
for this reason, apparently, better re- 
sults are obtained using the tungsten- 
are process than by using consumable 
electrodes, either flux coated or inert- 
gas shielded. At the present time, a 
reasonable degree of immunity from this 
defect can be assured only by the most 
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careful use of the tungsten-arc teel)- 
niques, 

This sensitivity to cracking coul 
be interpreted as an indication that pure 
nickel, in itself, is not weldable. The 
available evidence seems to indicate 
however, that the poor behavior ot! 
electrolytic nickel is attributable to th: 
presence of traces of eutectic-forming 
impurities, probably sulfur but pos- 
sibly oxygen or some other element 61 
elements. Nickel of substantial) 
greater purity has not been studied, but 
it probably should be. 

So-called commercially-pure nicke! 
in either the rolled or cast forms, i- 
weldable only by virtue of certau 
malleabilizing additions, the 
effects of which will be discussed in 
later paragraphs. 

Major Alloying Additions 

Copper, forming as it does, a com- 
plete series of solid solutions wit! 
nickel has comparatively little effect o1 
its welding behavior. Metallurgicalls 
at least, the binary high-nickel alloy- 
containing 15 to 40% of copper behave 
much like commercially-pure nicke! 
when welded. The resistance of these 
alloys to diseasing, by extraneously in- 
troduced sulfur compounds, for instance 
is changed only a little. Similarly, the 
need for alloying to control gaseou- 
porosity is not significantly reduced 
by the presence of these amounts ot 
copper and, in inert-gas welding prac- 
tices at least, the control measures are 
approximately the same. Hot cracking 
of wrought nickel is usually not a prob- 
lem either with or without copper pres- 
ent. 

As the amount of copper increase- 
further, and becomes the major ele- 
ment, the resulting alloys behave more 
like copper alloys than nickel alloys 
but the presence of nickel is still mani- 
fest in the welding response of the 
alloy. Reduced amounts of the same 


specif 
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ieoxidizers that are used in the high- 
nickel-alloy weld deposits are used, for 
nstance, to insure soundness in 70/30 
and 90/10 copper-nickel weld deposits 

Chromium additions to nickel, within 
the range of present commercial im- 
solution al- 


portance, result in’ solid 


oys, the binary diagram for which 
shows an attractively narrow freezing 
Empirical 
to support what the equilibrium dia- 
zyram suggests, i.e., that chromium, in 


itself, is not detrimental, in any gross 


range. observations seem 


manner at least, to the freezing charac- 
teristics of alloy systems in which it is 
present. However, 
illoys seem to be more susceptible than 
ther high-nickel alloys to hot crack 
sensitivity when other elements, no- 
tably present. The hot 
racking susceptibility of a nickel-base 
illoy weld 


chromium-bearing 


silicon, are 


metal, for instance, with 
5° of chremium, is sharply increased 
is the silicon content increases from a 
few tenths of a percent to 1% and 
higher, while levels of the order of 1% 
ire relatively innocuous in nickel and 
nickel-copper alloys. 

On the other hand, to offset this 
~eeming disadvantage, chromium has a 
strong tendency to form stable oxides 
ind nitrides, and this appears to be a 
listinct advantage from the standpoint 
f controlling gas porosity 

is frequently present in nickel 
illoys, In varying proportions, but, with 
1 few exceptions, not for the purpose 
of enhancing the properties. Its pres- 
ence is usually incidental, either because 
t was added as a ferro-alloy along with 
some other additive or, in the case of 
weld metal, because a joint was made 
vhich included an iron-base alloy as a 
When steel is melted 
nto a high-nickel alloy weld, 


second member. 
there is 
some reason to believe that such resid- 
sulfur, 
ind, possibly, oxygen, which are nor- 


ial elements as phosphorus 
mally present in more abundant quan- 
tities in steel than in nickel alloys, are 
more damaging to the properties of the 
weld than is the iron itself. 


Fig. 1 a_nickel- 


Hot cracking in 
chromium-iron weld caused by silicon 
pick-up from a 2% silicon stainless- 


steel casting. (One-half size) 
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In the specific case of nickel-30% cop- 
per alloy welds, the presence of up to 
20 to 30% of iron appears to have no 
effect on welding response if the carbon 
content is held to levels of the order of 
0.05 to 0.10%. At higher-carbon levels 
nickel-30% erack 


sensitive, if diluted with more than a 


copper welds are 
few percent of iron 

Cobalt at levels of the order of a few 
tenths of a percent can be considered 
to be 
At higher levels, as in the 


without effect on weldability. 
‘ase of some 
high-temperature alloys, 
data 


any significant conclusions 


of the new 


there is insufficient to develop 
It is prob- 
able, however, that the effects of co- 
balt will be found to be minor, except 
possibly as there are secondary effects, 
such as those of 


fluence of other additives 


chromium, on the in- 


Volybdenum is one of the few major 
alloying additions which forms a see- 
ond phase, and which is added in suf- 
ficient quantities in 
nickel 


two-phase area ol 


commercially im- 
enter the 
the alloy 


portant alloys, to 
system 
sinary nickel-molybdenum alloys con- 
taining 20-30°, of molybdenum are 


While 


demonstrated, perhaps, 


somewhat hot crack sensitive. 
it cannot be 
that the second phase is primarily re- 
sponsible for the cracking difficulties, 


it seems reasonable to believe that it is 


contributory llovs containing molyb- 
denum in the single-phase region ap- 
erack 


pear to be considerably less 


sensitive 


Minor Alloying Additions 

Carbon is usually present in wrought 
high-nickel allovs and nickel-base weld 
metals in amounts from 0.01% up to 
about 0.15 to 0.20%. Its effect on the 


variable, depending 


welding behav 1Or 1s 


on what other elements are co-present 
In wrought nickel, the carbon level is 
important to the welding behavior only 
if the anticipated service temperature 
falls in the range 600 to 1400° F (315 to 
760° C At these temperatures and 
below, the solubility of earbon is of the 
order of only 0.02 to 0.03%, but the 
solubility increases substantially with 
increasing temperatures. In the weld 
heat-affected zone therefore, any gra- 
phitic carbon which may be present 1s 
dissolved, and is then held in super- 
saturated solution as the metal is rap- 
idly cooled. Subsequent exposure in 
the temperature range indicated above 
permits the metastably held carbon to 
precipitate, which it does in the form of 
graphite. The 
structure is weakened thereby and local 


intergranular micro- 
cracking or rupture may follow in serv- 
ce, 

nickel 
or sheet can be similarly embrittled at 
these presumably by 
diffusion of carbon to the grain bound- 


Unwelded high-carbon plate 


temperatures, 
would be 


aries, but as expected, 


Welding of Nickel 


Pease 


Fig. 2. Low-melting-point phase in the 


heat-affected zone of a _ wrought 
0.25% zirconium-nickel alloy weld- 
ment. Etchant: Cyanide-persulfate. 


X 1000 (Reduced by one-third upon 
reproduction) 

longer times are required than in the 
heat-affected metal. 
Whether welding is involved or not, the 


remedy is to limit the 


case 


carbon level ot 
something of the 
order of 0.02% maximum or, in some 
le-forming stabi- 
lizers. In the case of weld metal, ti- 
present for the pri- 
purpose of gas fixation in suffi- 

the secondary 
thermally-stable 


wrought nickel to 


eases, to carbi 


tanilum Is usually 
mary 
cient quantity to serve 
purpose ol 
titanium carbides 

ys, the presence 


ri-temperature 
solubility of carbon to the point where 


of copper alters the hi 


graphitic embrittlement is not en- 
countered. Up to 0.15-0.20% at least, 
the carbon content of copper-bearing 
nickel alloys is relatively unimportant 
An excep- 
tion is the case of weld metal, when it 
diluted with iron. Here, if 
the carbon level is not held below about 
0.10! weld hot cracking may result, 


particularly if the 


O 1tS Wwe liing me 
it tating 


omes 


( 
joint is severely re- 


strained during welding 


In chromium-bearing high-nickel al- 
lovs, earbon is present as chromium 
carbide Titanium or niobium * 
earbides are formed pre ferentially if 


these elements are present, but, in most 


cases, stabilization with these elements 
Is not necessary to insure adequate cor- 
rosion resistance. Chromium depletion 
ma occur in the heat-affected zone, 
oes in iron-base alloys, In the 


absence of titanium or niobium, but 


on! t! presence urticularly ag- 
gressive corrosive media does this result 
in impairment of the corrosion resist- 
ance. Niobium is frequently present 


in chromium-bearing high-nickel-alloy 
compositions, in carbon- 
, but not pr 
marily for that purpose. Its primary 
function, that of controlling harmful 
silicon effects, will be described in later 


weld-metal 


stabilizing proportions 


paragraphs. 


* Usually referred to as ‘‘Columbium”™ in Amer- 
ican literature 
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Manganese is frequently present. in 
both weld metal and wrought composi- 
tions in amounts up to about 1%, but 
its effect on welding behavior in this 
concentration range can be ignored for 
all practical purposes. Even larger 
amounts, up to about 4%, have com- 
paratively little effect. A possible ex- 
ception is the case of nickel-chromium- 
iron weld-metal compositions containing 
25% or so of iron, where a little improve- 
ment in resistance to weld hot cracking 
can sometimes be attributed to the 
presence of manganese. 

Magnesium is important to the metal- 
lurgy of nickel and its alloys but full 
advantage of its usefulness cannot be 
realized in welding because of its fugi- 
tive nature when it crosses the welding 
arc. Its function in wrought products 
is to form stable, high-melting-point 
magnesium sulfides preferentially to the 
extremely low-melting-point nickel- 
nickel sulfide eutectic. Its contribution 
can be compared to that of manganese 
in steel metallurgy. In the amounts 
which are added to wrought high- 
nickel alloys to impart hot malleability, 
magnesium also serves to prevent hot 
cracking in the heat-affected zone. 

In metal-are welding with covered 
electrodes, the losses of magnesium by 
oxidation and/or volatilization are so 
great that, with a few exceptions, no 
more than ineffectively small amounts 
of magnesium are recovered. Under 
these circumstances, control of sulfur, 
where necessary, is dependent upon the 
presence of such other elements as 
niobium, titanium and aluminum, re- 
coveries of which are substantially 
better than the recovery of magnesium. 

In the inert-gas metal-are welding 
processes, using either consumable or 
nonconsumable electrodes, and in the 
oxyacetylene welding process, mag- 
nesium recoveries are better than they 
usually are in covered-electrode weld- 
ing. In these cases, therefore, sulfur 
fixation is quite readily accomplished 
with magnesium. 

Silicon is present in commercially 
pure nickel and in nickel alloys in 
amounts varying from about 0.1 to 
4% or more. In most alloys, its effect 
on weldability is rather consistently 
subversive, with a strong tendency to 
induce weld hot cracking. The thresh- 
old for damage varies considerably, 
however, from alloy to alloy and from 
one welding process to another and it is 
more potently damaging in weld metal 
than in the heat-affected zone of the 
base metal. Its solubility in pure 
nickel is sufficiently high, in the absence 
of other alloying additions, to preclude 
the possibility of sufficient eutectic 
melting to initiate hot cracking, but this 
solubility is apparently reduced with 
additions of chromium and /or copper. 

In copper-nickel alloys containing 
about 30% copper, for instance, silicon 
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begins to increase the weld hot crack 
sensitivity at levels of the order of 
1%, in metal-are welding, and at per- 
haps twice that level in oxyacetylene 
welding. As the copper content in- 
creases, the tolerance for silicon is fur- 
ther reduced. 

Silicon is particularly damaging to the 
hot crack resistance of chromium- 
bearing high-nickel alloys. In metal- 
are weld deposits, as little as a few 
tenths of 1% contributes grossly to the 
hot crack sensitivity. In oxyacetylene 
welding the tolerance is somewhat 
greater. 

In depositing weld metal on high- 
silicon-content base metal, cracking 
difficulties are more likely to be the 
result of silicon pick-up in the weld 
metal (Fig. 1) than from cracking in the 
heat-affected zone. 

Niobium is added to high-nickel al- 
loys to counteract the damaging effects 
of silicon, particularly in nickel-chro- 
mium-iron weld metal, deposited by 
the covered-electrode process. The 
amount of niobium required to prevent 
hot cracking varies with the nickel iron 
ratio, from a low of about 4.5 times the 
silicon content in a 75° nickel, 15% 
chromium, 7% iron alloy to a high of 
about 8 or 9 times the silicon content 
in alloys containing 35° nickel, 15% 
chromium and 50°% iron. Similar re- 
lationships appear to exist in the case 
of welds made under inert gas, but 
metal deposited by the oxyacetylene 
process does not usually require this 
control. 

Irrespective of the alloy composition, 
the threshold level for silicon-induced 
damage appears to be considerably 
higher in the heat-affected zone than it 
is in the deposited metal. Unless the 
silicon content is unusually high, there- 
fore, as in cast compositions, niobium 
additions are not required to control 


silicon effects in the heat-affected zone 
of even the relatively sensitive nickel- 
chromium-iron alloys. 


Zirconium additions to nickel of a few 
tenths of 1% result in a two-phase al- 
loy which is extremely hot crack sensi- 
tive. A eutectic reaction (Fig. 2) ap- 
pears to occur at about 2000 to 2100° F 
(1090 to 1150° C) which causes severe 
cracking in the  heat-affected zone. 
Weld metal is even more crack sensitive 
than the heat-affected zone. Although 
generous additions of zirconium-free 
filler metal are capable of diluting the 
zirconium effect and producing a rea- 
sonably crack-resistant weld metal, the 
sensitivity of the heat-affected zone 
makes it necessary to classify zirconium- 
nickel alloys as nonweldable by fusion 
welding, until such time as a satisfac- 
tory antidote is discovered. 

Aluminum is a useful addition to 
high-nickel alloys, being used at differ- 
ent levels, as (1) a deoxidizer and (2) as 
an age-hardening constituent. When 
the addition is substantial, hot crack 
sensitivity is increased, with the thresh- 
old level dependent, like that of silicon, 
upon what other elements are co-pres- 
ent and, of course, the amount of stress 
to which the weld is exposed as it solidi- 
fies and cools. The tolerance for alu- 
minum is much greater in the heat- 
affected zone than in the weld metal 
and in most cases the tolerance is 
greater in the weld metal than the tol- 
erance for silicon under similar circum- 
stances. 

The very useful contribution which 
aluminum imparts to the age-hardening 
response of high-nickel alloys makes it a 
desirable addition to filler wires for 
welding the age-hardenable nickel al- 
loys. In most cases, however, the 
threshold for initiation of hot cracking 
is reached before the maximum aging 


Fig. 3. Brittle failure of a seam-welded lap joint in 15% copper-nickel 


alloy contaminated with sulfur. 
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(Two-fifths actual size) 
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response can be developed. Supple- 
mentary additions or substitutes are 
necessary, therefore, in filler-wire com- 
positions if the base-meta! properties 
are to be fully matched. 

In some weld-metal compositions, alu- 
minum seems to have a_ beneficial 
effect on weld soundness, but the effect 
is not as potent as that of titanium. 

Titanium additions are frequently 
made to high-nickel-alloy weld-metal 
compositions, particularly chromium- 
free compositions, for the purpose of 
insuring freedom from gas porosity. 
As mentioned earlier, chromium, in it- 
self, seems to possess substantial gas- 
fixing properties, which decrease the 
dependence upon supplementary ad- 
ditions of titanium in chromium-bearing 
alloys. 

Titanium is also frequently added, 
along with aluminum, to develop an 
age-hardening response and its effect on 
the welding behavior is much like, and 
additive to, that of aluminum. At 
certain critical levels, the weld metal 
becomes hot short, and crack-free welds 
become difficult to obtain in highly re- 
strained joints. In the case of some of 
the stronger high-temperature alloys, 
direct solutions to the problem of 
matching the base-metal properties 
with adequate weld-metal properties 
are not vet in sight but recourse to ex- 
pedients, such as weld reinforcement 
and the strategic location of welded 
joints in cooler areas, is being used to 
good advantage. The permissible level 
for aluminum plus titanium appears to 
be greater for the tungsten-are process 
than for the consumable-electrode proc- 
ess. Until other age-hardening weld- 
metal systems are developed, there- 
fore, the preferred use of the tungsten- 
are welding method is indicated as a 
further means of bettering the welding 
response of the age-hardenable alloys. 

The tolerance for aluminum and ti- 
tanium in the heat-affected zone is con- 
siderably greater than the tolerance it 
weld metal and is usually not a problem 
from the standpoint of hot cracking 
during welding. 

Boron has been added to certain of 
the high-temperature nickel-base 
loys, in the range 0.03 to 0.10%, for 
the purpose of improving the high- 
temperature mechanical properties. The 
practical usefulness of boron is reduced, 
however, by its grossly damaging effect 
on weldability. Weld metal with these 
amounts of boron is extremely hot 
crack sensitive. The heat-affected zone 
is likewise subject to hot cracking un- 
less considerable care is excercised with 
respect to heat input and stress levels, 
and other welding variables. Less than 
about 0.03% boron is not usually 
damaging in the heat-affected zone but 
the sensitivity to weld damage persists 
even below this level, with the permis- 
sible amount varying with the welding 
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Fig. 4 Intergranular cracking of weld and heat-affected zone of sulfur-embrittled 


joint shown in Fig. 3 


A portion of the sulfur-rich eutectic has been extruded into the gap between the faying surfaces. 


X 50. Etchant: Cyanide-persulfate. 


conditions and alloy composition. The 
effect appears to be one of grain bound- 
ary liquation, similar to that of other 
elements such as sulfur, phosphorus 
and zirconium, all of which form a low- 
melting-point eutectic composition with 
nickel. 


Other Elements 

Sulfur is probably the most subver- 
sive of all of the elements which are in- 
volved in the welding metallurgy of 
nickel and the high-nickel alloys. In 
many cases, control of this one element 
‘an make the difference between suc- 
cessful and unsuccessful welded fabri- 
cation. Sulfur is damaging to nickel 
because of its extremely limited solid 
solubility, coupled with a nickel-nickel 
sulfide eutectic reaction which takes 
place at 1200° F (650° C), the lowest of 
the several eutectic reaction tempera- 
tures in which nickel is recognized as a 
reactant. In most high-nickel allovs, 
there is enough residual sulfur to ex- 
ceed the solubility limit, but if the 
alloy is properly made, a_ sufficient 
quantity of magnesium or other sulfur- 
fixing elements will have been added to 
inhibit the eutectic reaction with 
nickel, in both the weld metal and in 
the fusion zone. Unless these elements 
are consumed in the welding process, 
therefore, there should be no difficulty 
from this source 

In practice, however, sulfur and sul- 
fur compounds are so ubiquitous that 
unusual diligence is required to insure 
that welds and weld heat-affected zones 
are not enriched with sulfur, from ex- 
traneous sources, to the point where the 
corrective additions are longer 
effective. It is possible, for instance, to 
pick up enough sulfur from such ma- 
terials as marking crayon, cutting lub- 
ricants and other foreign matter to ex- 
ceed the normal capacity to fix sulfur 
and thereby induce brittleness via the 
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formation of intergranular sulfide films. 

In the case of most of the elements 
which adversely affect the weldability 
of nickel, and particularly in the case of 
elements, the 
weld metal is more likely to be damaged 
than the heat-affected zone. With 
sulfur, however, the heat-affected zone 


introduce 


extraneous! 


is almost equally susceptible. The 
mechanism is not well understood but 
something more profound appears to be 
mvolved than the simple 1200° F 
650° C) eutectic reaction. In any 
event, the net result is a penetration of 
the grain boundaries in any portion of 
the weld heat-affected zone which is 
heated above the threshold temperature 
for that alloy, while in contact with 
any ulfur-bearing material. The 
threshold temperature for this type of 
embrittlement varies from about 600° F 
315° C) for pure nickel to about 
1200° F (650° C) for chromium-bearing 
alloys. To illustrate the magnitude of 
this effect, Figs. 3 and 4 show an ex- 
treme case where nickel-copper alloy 
sheet, 0.050 in. (1.3 mm) thick, became 
embrittled by this so-called sulfidation 
mechanism throughout the entire cross 
section, during a seam-welding opera- 
tion. In 1 particular case, the 
amount of contamination was so great 
that the | Wis clearly 
evident crostructure but, 
usually, e f a second phase is 
difficult to dete 
The offending 


never positively identified, but was 


metallographically. 
ontaminant was 


probably nothing more unccmmon than 
a combination of machining lubricant 
and shop dirt 

Lead 


nickel a 


iuses hot shortness in high- 
oy weld metal at about the 


( 


same level as sulfur does In practice, 
however, much less weld cracking is 
experienced from lead than from sulfur, 
but probably only because it is less 


abundantly present than sulfur’ in 


700. 


— — 

| 

eS 

Bite, 


materials which are likely to be present 
as a contaminant. 

Useful phase diagrams are not avail- 
able for the nickel-lead system, but the 
metallurgical explanation of the sub- 
versive effect of lead is probably very 
little different than that of the sulfur 
effect. It can be assumed that, be- 
cause of a very limited solid solubility, 
lead or a lead-rich low-melting-point 
grain-boundary material is rejected as 
the matrix freezes, with cracks occurring 
through the rejected liquid. 

Barring the possibility of careless 
melting practice such as, for instance, 
the production of casting compositions 
in a furnace or a crucible which has 
been used to melt leaded bronzes, the 
lead content of nickel alloys is normally 
sufficiently low so that cracking in the 
heat-affected zone is not a problem. 
Surface contamination by lead has been 
suspected in certain cases of embrittle- 
ment in the heat-affected zone of 
wrought nickel alloys, but lead effects 


are neither as potent nor as frequently 
encountered as sulfur effects. 

Phosphorus only infrequently —be- 
comes involved in the welding metal- 
lurgy of nickel and the high-nickel 
alloys, but when it does, its effect on 
weld metal is very similar to that of 
lead and sulfur. Its solubility in 
nickel, like that of lead and sulfur, is 
quite limited and it undergoes a eutectic 
reaction at about 1600° F (870° C). 
Severe weld hot cracking has been traced 
to the presence of as little as a few 
hundredths of a percent of phosphorus. 
There is no evidence, however, which 
would suggest that phosphates or other 
phosphorus-containing contaminants are 
likely to embrittle the heat-affected 
zone, as do contaminants containing 
lead or sulfur. 

Gaseous elements such as oxygen, 
nitrogen and hydrogen are important 
to the welding response of high-nickel 
alloys, but only from the standpoint of 
weld-metal porosity. Cracking seldom 


if ever can be traced to the presence of 
dissolved gases, either in the weld metal 
or in the heat-affected zone. Coating 
formulations with closely controlled 
hydrogen contents are unnecessary, for 
instance, as they are for welding hard- 
enable steel. The addition of suitable 
gas fixing elements, notably titanium 
and aluminum, to the fusion is suffi- 
cient to eliminate any harmful effects of 
dissolved gases. 
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BY G. E. CLAUSSEN 


The No. 5 issue of the Russian magazine 
Automatic Welding for 1956, published 
by the Paton Institute of Electric Weld- 
ing in Kiev, contains the following 
articles: 

l. ‘“‘Automatic Electric Are Weld- 
ing of Titanium,” by 8. M. Gurevitch 
and 8. V. Mishenko, pages 1-12. Weld- 
ing conditions are given for welding 
commercial titanium with thoriated- 
tungsten electrode and argon. Sub- 
merged-are welding is described using a 
flux containing no oxygen and com- 
mercial titanium electrode, 175 to 320 
amp. 

2. “Welding IS-S Stainless Steel 

sin. Thick with Carbon-Dioxide 
Shielding Gas,” by A. G. Potaievsky, 
pages 13-18. There was a small loss of 
chromium and over 50% loss of titanium 
in welding Type 321 steel with Type 321 
electrodes. Mechanical properties were 
good. 

3. “Welding Alloy Steels with 
Carbon-Dioxide Shielding Gas,” by B. 
S. Kasatkin, N. I. Kakhovsky and Iu. 


G. E. Claussen is associated with the Develop- 
ment Laboratories, Linde Company, Newark, 
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N. Vakhnin, pages 19-21. The effect 
of titanium in the electrode on recovery 
of Si, Mn, Cr and Mo is shown for a 1% 
Cr, '/2% Mo steel. A powder metal- 
lurgy electrode containing 1.5% Ti re- 
duced spatter and produced weld metal 
containing a little more oxygen but 
less nitrogen than welds made with 
covered electrodes. 

4. “Edge Welding Two Steel Strips 
Which Are Expanded by Internal Pres- 
sure te Pipe,” by G. V. Raevsky, 
pages 22-30. 

5. “Electric Butt Pressure Welding 
of 0.6% Carbon Steel,”” by A. V. Obuk- 
hov and V. B. Shlyapin, pages 31-36. 
Reheating in the machine to 1000 
1100° C improved the mechanical prop- 
erties. 

6. “Tests on the Flexibility of 
Welded Plate Girders at —50° C of 
Plain Carbon and 1% Cu. '/2% Ni 
Steels,’ by V. I. Novikov and V. V. 
Shevernitsky, pages 37 

7. “Sigma Phase in Fully Austenitic 
Welds in Type 310 Austenitic Steel,” 
by B. I. Medovar, pages 43-60. Sigma 
forms more or less rapidly at 1290° to 
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1560° F. Heating for 2 to 4 hr at 
1830° F dissolves the sigma phase and 
restores ductility. 

S. “Static and Impact Strength of 
Welded Girders at Room Temperature 
and —67° C,” by V. Iu. Shishkin, Lu 
D. Guzevitch and R. Z. Manilova, pages 
61-65. 

9. “Raising the Quality of Large 
Diameter Welded Gas and Oil Pipes,” 
by 8S. L. Mandelberg, pages 66-72. 
Two, three and four electrodes are used 
in welding the longitudinal seams by 
submerged-are process at 50 ipm. 

10. “Spectrographic Analysis of SO 
Ni-20 Cr Welds,” by E. 8. Kudelya, 
pages 73-79 

11. “Rapid Methods for Analyzing 
Submerged-Are Flux AN 348A,” by 
N. A. Longer and T. P. Novikov, pages 
SO-S3. 

12. “Ultrasonic Inspection of Tee 
Fillet Welds,” by A. K. Gurvitch, pages 
84-89. 

13. “The Effect of Residual Stresses 
in Reducing the Fatigue Strength of 
Welded Joints,” by V. I. Trufyakov, 
pages 90-103. 
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ARC WELDING OF VACUUM- AND 
INERT-ATMOSPHERE-MELTED ZIRCALOY-2 


Significant difference in the anode heat output is 


found to exist with Zircaloy-2 materials, and is attributed 


to the presence of certain impurities 


BY HOWARD C. LUDWIG 


ABSTRACT. The differences found in pene shielded are is employed between a pure lo determine whether the are energy 
tration when are welding zirconium tungsten or thoriated-tungsten cathode distribut different with respect 
sponge-base alloys, melted by two melting th 
processes, have been attributed to a an the Zircaloy-2 workpiece anode to the s} IPO-DUSC-A 11 melting process 
variance in anode heat output as deter- Ke vidences of a possible variation in the employed ilo etr system ol 
mined from calorimetric measurements are energy distribution are indicated by experimentation was designed By 
Indication are that the variance in anode the necessity to increase the welding ‘alorimet the cathode and anode heat 
heat output is due to the diffusion and 
evaporation of chlorine and hydrogen from current when changing from a Zircaloy-2 outputs which would serve to compare 
the are-melted anode — surface These workpiece of the inert gas to one of the the Zirealoy-2 anode materials can be 
gases are present in the zirconium alloys as vacuum-melting practice Besides en- measured From a quantitative study, 
residuals whose source is the zirconium tailing extra production time in the it was believed that the source of the 
sponge. A mechanism by which the gases 
increase the anode heat output is. de- handling of two production specifica- veld penetration variance could be found. 
scribed. tions, an increase in current does not Before describing the are energy 
a rectify the problem because the signifi- distribution with regard to the heat 
niroaucnon cantly large difference in are penetra- balance determinations, it is appropriate 
{ variance in the welding of zirconium tion requires excessively large non- to consider the theory of the high- 
sponge-base alloys has been attributed consumable electrodes to carry the pressure are and reasoning which sub- 
to minor variations in their resultant higher welding currents. The variation <tantiates the calorimetric method of 
chemical compositions (Table 1) which in are penetration for Zircaloy-2 work- ipproach to the problem. 
ire characteristic of the alloy melting pieces from the two melting practices is : 
process methods. It is reported that shown in the graph of Fig. 1. High-Pressure Arc Theory 
variations by a factor of 10 in weld The marked difference in the weld The welding are consists of a column 
penetration and size of molten pool penetration is shown by the photographs of electrically and thermally excited gas 
have been observed between Zircaloy-2 of Fig. 2. The top and bottom sides of which conducts current of a few to 
ingots almost indistinguishable in chemi- weld beads, made on representative several hundred amperes through a 
cal analysis.!. Zirealoy-2 is made by Zircaloy-2 workpieces, are shown. The potential drop of usually tens of volts. 
two process methods: (1) vacuum are right and left parts of the bottom views The gas temperature varies with the 
melting with a consumable electrode, show the differences in depth of pene- electrode materials and kind of gas; 
ind (2) inert-gas are melting with a tration. Little or no melt-through is it was reported to be about 6000° K 
consumable electrode.* In the welding indicated, at a current in the range of it atmospheric pressure for iron welding 
operation, a 99.999% pure helium 125-200 amp, for vacuum-melted Zir- res. At this very high temperature, 
caloy-2, while melt-through is readily the gases and vaporized electrode 
Howard C. Ludwig is associated with Westing observable beginning at 150 amp in the materials are ionized so that the neutral 
house Electric Corp., Pittsburgh, Pa } 
case of the atmosphere-melted Zircaloy- itoms are broken up to usually form 
Presented at 1957 AWS National Spring Meeting 9 : 
n Philadelphia, Pa., April 8 12 positive electrons In the 


Table 1—Chemical Composition (Parts per Million) of Representative Zircaloy-2 Materials 


I ngot Sponge 

number hlend \ ( H Al Co Va Vn Vo Ph Si / | B Cad 
5Y679* Q-63 39 55 32 58.6 1400 37 <10) 5 100 | 30 10 9 9 20 10 50 <0 2 0.2 
FZ9+t Q-64 37 90 6 18 1500 44 <10 17 55 $ 21 10 10 5O 20) 5O 


Ni 


Nominal alloy 
composition 
of Zircaloy-2 


14500 1350 


* Inert-gas-are melt 
+ Vacuum-are melt 
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presence of the electric field, electrons 
are drawn from the cathode and move 
towards the anode. The positive ions 
originating at the anode move toward 
the cathode. Due to their smaller 
mass, the electrons are of a higher energy 
state and have higher velocities. The 
more energetic electrons experience 
more collisions with neutral atoms to 
ionize them and maintain the tempera- 
ture of the are. Due to space charges 
which occur at locations near the elec- 
trodes, the potential gradient along the 
axis of the are is not uniform but varies 
in the three regions known as the anode 
fall, positive column and cathode fall. 
The first and last regions are extremely 
short in length but represent the largest 
gradients in the total potential. The 
total potential is the sum of all three 
potential regions. If the are length were 
to be reduced to zero, the total poten- 
tial (V) would be the sum of the anode 
and cathode potential drops according 
to the following equation: 


V total = ule FT athode (1) 


The theoretical arc-heat energy balance 
is essentially governed by the conducted 
current and the voltage drops in the 
three regions of the arc. In determining 
the voltage drops, one must take into 
account the heat losses and transfer 
from each region. In addition, the cal- 
culation of the anode and cathode volt- 
age drops requires experimental data on 
the plasma gradient and the relation be- 
tween the anode and cathode heat out- 
put with are length. With these data, 
extrapolation to zero are length makes 
it possible to eliminate the positive 
column voltage-drop variable in deter- 
mining the anode and cathode drops. 

It is now necessary to describe the 
heat balance in the anode and cathode 
regions. It will be assumed that axial 
and radial losses in the are column are 
very small due to the short are lengths 
involved. This assumption is substan- 
tiated by Ornstein® who has shown that 
a type of high-pressure are had a con- 
stant temperature along its axis, and 
Suits! measurements that the 
radial temperature zero 
within narrow limits. 

There are two main sources of heat 
loss from the cathode region: firstly, 
the cooling effect of electrons removed 
from the tungsten-metal surface and 
secondly, the heat loss to the environ- 


show 
gradient is 


ment through the electrode by metal- 
vapor transter, radiation and conduc- 
tion. Conduction losses appear to be 


the most substantial. The metal-vapor 
loss is not very high because of the re- 
tractors electrode. The cooling effect 
of the electrons is subdivided as follows: 
attributed to the work done on 
each electron are equal to ¢,, the work 
function of the cathode metal surface. 
The rate of heat loss due to this source in 
watts is ¢./ where / is the current con- 
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ducted. Secondly, losses occur due to 
the flow of electrons to the anode. This 
loss, determined from kinetic theory, is 
2kT per electron, which at 6000° K, a 
measured gas temperature of a high- 
pressure iron arc,‘ is about | volt. The 
(k) is Boltzmann's constant. The losses 
due to this source in watts would be / x 


1 volt. The total losses for the cathode 
are therefore: 

2kT I 
ot + + Q.,, where Q., = cath- 
ode heat loss at zero are length. The ex- 
pression must be equal to V./; where 
V. = voltage drop at cathode 

Qht 
inal 

or 


The variation of weld penetration with current for Zircaloy-2 material 


Ve = 4 (2a) 

Since the cathode of the are 

tributes to the heat dissipated at the 

anode by the flow of electrons 2k7'1 /e, 

the anode heat-balance equation must 

include this quantity in the calculation 

of the anode drop (V,), so that where 

Q., = heat dissipated in the anode at 

zero are length, and ¢, = anode work 
function: 


con- 


ii @ 


or 
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Fig. 2. Arc weld penetration as a function of melting practice 
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The anode work function is defined as 
the energy required to remove positive 
ions from the anode. The are theory de- 
scribed only roughly 
anode and cathode characteristics of the 
high-pressure arc, however, it includes 
substantially the major heat losses in- 
volved. The theoretical considerations 
of the above are principally contribu- 
tions of Cobine® and Lancaster’ and also 
of many others who have studied the 
physics of the are. 


represents the 


The Design of Experiment 

It was from the aforedescribed heat- 
balance equations that the plan of ex- 
periment was based. With known work 
functions of cathode electrodes one can 
determine the cathode and anode volt- 
age drops from the experimentally de- 
termined plasma and heat 
The cathode voltage drop is de- 
termined from the heat loss data extra- 
polated to zero are length; Equation 
(2a), where, in the case of a pure tung- 
sten electrode,* @ $.52V. The value 
2kT7 is caleulated from Kinetic Theory 


gradients 


losses, 


Fig. 3 Complete calorimetric 
apparatus 


and is equal to 1 volt. 
The anode drop at zero are length is 
determined from Equation 1: 


Vio = V + Va (la) 


where V,, is determined from the plasma 


gradient data and V,, from equation 
(2a). 

The sum of the anode and cathode 
drops being equal to the total voltage 
drop at zero arc length, is also equal to 


the quantity Q.,/7 + Q.,,/7, and 


An experimental determination of the 
sum of the bracketed quantity from the 
anode and cathode heat losses should 
equal the experimentally determined 
V,, (total voltage drop at zero are 
length). If the cathode heat loss (out- 
put) is the same for both materials the 
corresponding anode drops can be deter- 
mined. The higher anode voltage drop 
gives a greater anode heat output. A 
difference in the anode voltage drops for 
the two Zircaloy-2 materials might indi- 
cate that some impurity in one of them 
was influencing the anode space charge. 


The Arc Calorimetric Equipment 

The design of the 
dictated by the requirement of a prac- 
tical method for which heat 
transferred to a heat absorbing medium 


are calorimeter was 
could be 


(water) separately from the anode and 
cathode terminals of the are. Flow eal- 
orimetry lends itself well to this type of 
heat 
developed per unit time by an object, 
it is necessary to know 1) the dif- 
ference, At, between the temperatures of 
leaving and entering the 

and (2) the 
water, V, passing per unit time through 
the calorimeter. If the 
veloping a constant amount of heat per 


application. For measuring the 


the water 


calorimeter: volume of 


object is de- 


Fig. 4 Flow calorimeter 


unit time through the calorimeter the 
equation applied is 


AQ = V-D-C-At (4) 


where AQ is the heat developed and V is 
flow rate of water through the calorim- 
eter; C is the heat of the 
water, D is the density of the water, and 
At is the difference in the temperatures 
of the water entering and leaving the 
calorimeter. The energy 
objects and the apparatus are not taken 
into consideration in flow calorimetry. 
The difference in water temperatures is 
determined after thermal equilibrium 
has been reached for each terminal half 
of the The calorimeter 
parts are continually being cooled by the 


sper ine 


equivalents of 


calorimeter. 


incoming cooling water. 

The parts ol the calorimeter are 
shown in Fig. 3 and schematically im 
Fig. 4. The constant temperature water 
24° ( siphon from the res- 
ervoir to the anode and cathode 
tions of the calorimeter. lron-constan- 
tan thermocouples were inserted into the 
outlet tubes of calorimeter part, 


fic Ws by 
por- 
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Table 2—Calorimetric Data 


Indentifi- ire voltage 
itrrent 


Imp 


no length, in 
FZ99 025 60 
FZ99 049 3 59 
) O95 ( 60 
103 60 
253 28 .! 
5Y679 030 5.5 62 
5Y679 OAT 549 
5SY300 O49 
5Y679 O75 
5Y679 093 
5Y670) O24 
5Y679 O65 


Anode and Cathode 


Water flou 
Power, ” 
Watts Cathode 


( athode 


48 5 0) 


LOSO 


SOS 


Heat 


Heat o itpul 
walts amp 


Cathode Anode 


dO 
32 
20 
OS 
603 
OS 
14 
17 


* lodine introduced. 
f Not included in graph of Fig 
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Output 

Test ( ( cal / se 
no ode Anode Cathode Anode 
| 888 15.0 36.0 160 150 667 2 11.10 
2 3.58 5.22 7.8 31.4 27.9 164 117 G85 11.60 
3 1146 11.0 27.0 7.5 105 199 S17 13.60 
1182 10.33 10.5 20.3 14.8 208 142 R30 13 83 4 
§ 1682 3.95 10.22 25 0 24.0 98.8 245 113 1025 17.35 : 
6 OG] 33 5.24 38 5 39.0 202 163 S45 13.62 
7 O74 3.90 5.70 75 0634.0 293 194 123 812 13.75 
82 5.38 90 8.2 44 26° «144 862: 14.60 
q 1098 3.68 6 85 29.5 19.6 202 208 S45 14.10 
10 1170 1. 26 6.70 13.0 25 () 55 3 939 939 O79 16 32 ae 
117 918 1 34 9.77 16.5 11.3 162171 675 2.85 11.50 
12+ 1 35 10.10 10.5 15.6 i83 182 765 3.03 12.75 
3A*f 7.25 7.5 33.5 167 140 607 2.23 11.63 
139 6.95 60 2.0 24 160 110 669 183 11-15 = 
5. 


Fig. 5 The variation of cathode and 
anode outputs with arc length (arc 
current, 60 amp) 


The water output temperatures were 
recorded versus time on a two-point 
potentiometer-recorder. The cathode 
calorimeter was a modified tungsten 
welding torch as shown schematically in 
Fig. 4. 
signed to accommodate the Zircaloy-2 


The anode calorimeter was de- 


specimens which were machined to a 
disk form (1.45-in. diam x 0.23s8-in. 
thick). As shown in Fig. 4, the cooling 
water impinges against the underside ot 
the specimen, the water being sealed off 
by means of an O-ring assembly. 


Experimental Procedure 

Before making a run, the electrode was 
conditioned by arcing at the appropriate 
current in a helium atmosphere to form 
a stable bead at the tungsten tip to 
eliminate errors in measuring the arc 
length. A Zircaloy-2 specimen repre- 
senting the inert-gas-melting or vacuum- 
melting practice, previously cleaned by 
etching in a hydrofluoric acid solution, 
was assembled and the anode calorim- 
eter brought into position concentri- 
cally below the nozzle. The gas-shield- 
ing nozzle was brought to a distance of 
!/),in. from the anode calorimeter. This 
spacing provided room for the helium- 
shielding gas to escape. 

To begin a run, the water flow was 
started and the time recorded. When 
the water temperatures had reached 
equilibrium, the are was struck by im- 
pressing a high-voltage, high-frequency 
spark between the electrode and anode 
and the are allowed to run until thermal 
equilibrium was reached as indicated by 
the temperature-time record. The high- 
frequency spark was shut off upon the in- 
itiation of the are. The are was stopped 
and the water was permitted to flow 
until the initial temperature was again 
reached. The water flow was stopped 
and the time recorded. Running rec- 


ords of total are voltage and current 
were obtained for each test. 

Data were obtained for only one cur- 
rent value (60 amp) which, according to 
the preliminary information, was enough 
to show evidence of the difference in 
welding of the specimens of the subject 
melting practices. The power supply 
was a 300 amp rectifier type d-c welder. 


Experimental Results 

The results compiled in Table 2 and 
Fig. 5 definitely indicate the difference 
in the anode heat output of the two Zir- 
caloy-2 materials. As shown by the 
curve of Fig. 5, the anode heat output 
for the inert-gas melt Zirealoy-2 is 
higher for all variations in are length. 
However, an anomalous condition was 
found in all cases of the vacuum-melt 
Zirealoy-2. A complete heat balance 
was not obtained, being as great as 18% 
less than the input. With the inert-gas 
melt Zirealoy-2, a complete heat balance 
was obtained except in some cases to be 
described. It is not clear why one 
should expect a complete heat balance 
with the inert-gas-melted or the vacuum- 
melted Zirealoy-2 since losses by radia- 
tion and helium gas heat absorption at 
least are obvious, however, small. 
Nevertheless, the difference in anode 
heat output between the Zircaloy-2 ma- 
terials is evident. 

The variation of heat outputs with 
are length at constant current (60 amp) 
is shown in the graph of Fig. 5. The 
curve and extrapolated values of Q.// for 
a'/,,-in. diam pure-tungsten electrode to 
zero are length agree favorably with 
those of Lancaster’ at the same order 
of current. As expected, no significant 
difference is observed in Q.//] values for 
each Zircaloy-2 material. A significant 
difference is found, however, in the Q,// 
values vs. are length. The inert-gas- 
melt curve of Q,// vs. are length lies 
above the curve for the vacuum-melt 
material and has a steeper slope. Ex- 
trapolated values to zero are length, for 


6° Die. Pure Tungsten Electrode | 

>} Are Current - 60 Amps 

s} 
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Fig. 6 The variation of total arc volt- 
age with arc length 
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Table 3—Anode and Cathode Volt- 
age Drops for a Pure-Tungsten Elec- 
trode, 0.060 Diameter 


Vacuuni- 
Inerlt-gas melt 
volts volts 
Vea + Ve from 
plasma gradient 


data) 14.2 13.2 
V, + Ve (from 

calorimetric 

data) 13.2 11.6 
V. (from ealori- 

metric data) 6.9 6.4 
V, (from ealori- 

metric data) 6.3 4.7 
VV, (from both data 

with Eq. 1 7.3 6.3 
Average V, 6.8 5.5 


the two materials, show a difference ot 
1.6 watts per ampere with the inert- 
gas-melt material value being 
w/amp and that of the vacuum-melt ma- 
terial being 10.2 w/amp. 

Plasma gradient curves shown in Fig 
6 indicate a small but significant dif- 
ference in the total arc potential versus 
arc length for the two materials. The 
inert-gas-melt Zirealoy-2 arc operates at 
a higher total voltage than does the 
vacuum-melt material. The difference 
in the extrapolated values to zero are 
length (sum of anode and cathode drops) 
is approximately 1.0 volt. Comparison 
with the anode heat outputs at zero are 
length shows a difference of 1.6 volts, de- 
termined by equating watts per ampere 
to volts. The cathode drop for each 
Zircaloy-2 material determined calori- 
metrically was found to be 6.9 volts as 
determined from Equation (2a). 

The values of the cathode and anode 
voltage drops are compiled and were cal- 
culated from plasma gradient data, Fig 
6, and calorimetric data, Fig. 5 and 
Table 2. 

The lower values of the calorimetric 
data indicate that losses to the environ- 
ment were experienced as expected, how- 
ever, small. The higher values of the 
plasma gradient might be partially 
eaused by a small IR drop included in 
the plasma gradient measurements. 
The agreement of data obtained from 
the two experimental methods is quite 
good and substantiates the value of cal- 
orimetric determinations of the cathode 
und anode drops. The potential dis- 
tribution for a typical are length for 
each material is shown in Fig. 7, using 
the average values of the cathode and 
anode voltage drops. 

As previously mentioned, there are 
some experiments with the inert-gas- 
melt Zircaloy-2 for which the anode heat 
outputs fell below the curve of Fig. 5. 
In these cases, the flow rate of water was 
increased from approximately 6.5 ml 
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per see to approximately 10 ml per 
sec. This effectively produced a greater 
degree of quenching on the anode ma- 
terial and therefore would further re- 
strict the amount of energy that would 
be dissipated to melt the anode. It fol- 
lows that less anode material would be 
melted. Data collected at the higher 
water-flow rate for the vacuum-melt 
material fell on the curve for the data at 
the lower flow rate indicating that the 
anode drop is not being greatly in- 
fluenced by the amount of energy dis- 
sipated in the anode or possibly by the 
amount of anode material melted. If we 
assume that the difference in heat out- 
put is a function of the diffusion of an 
impurity out of the anode workpiece, 
then the depletion of this diffused sub- 
stance in time as affected by the 
amount of metal melted could be real- 
ized by a limited amount of melting. 
These results indicate that the anode 
heat output for the inert-gas-melt ma- 
terial is a function of the volume of Zir- 
caloy-2 melted by the are which would 
determine the amount of diffusible im- 
purity. In the calorimetric experiments, 
the amount of melting was rigorously 
limited by the transfer of heat by cool- 
ant water and could be varied by alter- 
ing the flow rate of water through the 
anode portion of the calorimeter How- 
ever, keeping the flow rate of the calorim- 
eter at the low value, it was found that 
the phenomenon of higher anode heat 
output could be made evident. Since 
the heat energy was varied by changing 
the electrical energy input essentially by 
varying the are length at constant cur- 
rent, the change in anode and cathode 
heat output was determined. Both the 
data on the weld penetration variation 
with current and the anode heat output 
variation with are length show curves 
that differ in slope and not uniformly 
displaced, indicating that the difference 
in amount of weld penetration and 
anode heat output for the two materials 
is progressive and depends upon the 
amount of anode material brought to the 
energy state of melting. 

This brings us to the source of the 
variance in composition to affect a 
change in the anode drops which is cal- 
culated from the heat balance, Equa- 
tions 1, 2 and 3. 

From a rather complete analysis, both 
spectrographic and chemical (Table 1), 
of the two heats of Zircaloy-2, the only 
apparent differences in composition of 
any significance are those of the chlorine 
and hydrogen contents. The greater 
amounts of these elements are found in 
the Zircaloy-2 made by the inert-gas- 
melt method. One would expect, in 
general, more residual impurities in a 
melt made at atmospheric pressure than 
in a melt made by vacuum methods 
since the diffusion to the surface of the 
melt and evaporation of impurities with 
pressures would be 
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Fig. 7 The potential distribution for a typical arc length with each Zircaloy-2 


material 


greatly facilitated by the very low gas 
pressure above the melt 

The influence of electronegative gases 
those gases which form negative ions 
has been the subject of experiments in 


glow discharges 


and on low current 


intermediate pressure ares.? 

Among these electronegative gases are 
the halogens: chlorine, bromine, fluo- 
rine and iodine. The influence of chlo- 
rine and iodine has been described in 
several works? on the influence of nega- 


tive ions in glow discharges and low- 


voltage intermediate-pressure arcs. The 
influence of iodine and chlorine was ob- 
served at halogen gas pressures of 0.1 
Hg by the appearance of a positive 
even with the main electrodes 

3}em apart. It is shown also that 
urrent rose to a 

of the positive-ion 

current. There are many ex- 

nts in the literature that describe 
of electronegative gases on 
harges, but few, if any, of their 
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Fig. 8 Comparison of flow calorimetric (time-temperature) curves for inert-gas 


and vacuum-melt Zircaloy-2 anodes 
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pressure arcs. More recently, however, 
the use of sulfur hexafluoride (SF,) in 
the extinction of higher pressure ares has 
brought to focus the economic impor- 
tance of the use of halogenated com- 
pounds which are effective in attaching 
electrons to form negative ions. How 
this activity would cause increases in the 
anode voltage drop is not clear. The 
appearance of striations in glow dis- 
charges causes the mean energy to in- 
crease, possibly due to the occurrence of 
steeper voltage gradients in the positive 
column. Also, in the case of the halo- 
gens in glow discharges, many more 
positive ions are needed since the nega- 
tive component of the current is carried 
by negative ions instead of 
The occurrence of a high 


mostly 
electrons.’ 
negative ion space charge and the need 
for many positive ions cause an increase 


in the anode voltage drop.® If this lat- 


ter situation holds for the subject high- 
pressure arc, the higher chlorine and 
hydrogen content of the inert-gas melt 
may explain the reason for the higher 
anode drop found for the Zircaloy-2 
material. 

Additional experiments were per- 
formed to determine what effect the in- 
troduction of a halogen to the are with a 
vacuum-melt anode may have on the 
anode heat output. Tests 3A and 4A 
were run using a vacuum-melt specimen 
contaminated with iodine. The iodine 
was applied as a tincture using absolute 
ethyl ether as the solvent. The calori- 
metric data show only a slight increase 
in anode heat output. However, an al- 
most 100% heat balance was obtained. 
It was becoming more and more appar- 
ent that the cause of the higher anode 
heat output for the inert-gas-melt ma- 
terial was due to an impurity (chlorine 


and hydrogen) being evaporated from 
the melted volume of the weld. 
Additional calorimetric experiments 
were performed with both of the Zir- 
caloy-2 materials to determine if the 
anode heat output changed after ex- 
tended times of areing. Previously, the 
arc was extinguished after an apparent 
equilibrium had been reached. This was 
indicated by no further change in the 
calorimetric water temperature. As 
shown by Fig. 8, an extension of arc 
operating time beyond the first thermal 
equilibrium revealed that the water tem- 
perature for the anode decreased and 
then attained a second stage of thermal 
equilibrium. Both anode materials 
showed the second stage of thermal! 
equilibrium; however, the inert-gas- 
melt material showed a significantly 
larger change thermal-equilibrium 
temperature, with the second stage fall- 
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Impurity (zirconium sponge powder) effect on 
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Fig. 10 Impurity (zirconium sponge powder) effect on 


penetration of atmosphere-melted Zircaloy-2 
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ing to essentially the same temperature 
as for the vacuum-melt material. Ther- 
mal-equilibrium temperature in the 
cathodic portion of the calorimeter for 
each material was the same and showed 
only one thermal equilibrium stage il- 
lustrated in Fig. 8. This evidence indi- 
cates that an impurity being evaporated 
from the anode material is effective in 
increasing the anode drop and when the 
impurity had been depleted the anode 
drop fell. The relative magnitude of 
the change in temperature from the first 
stage to the second stage for the anode 
material is significant. 

As a test of the theory and cause of 
the phenomenon of anode heat output 
variance in the welding of Zircaloy-2, a 
proofing test was performed in which 
impurities were added to the surface of 
workpiece samples representative of the 
two are melting practices. Zirconium 
sponge, known to contain more = im- 
purity than either are-cast alloy, was 
prepared in powder form. The zirco- 
nium sponge used contained more than 
100 ppm chlorine. In preparation for 
the weld tests, a thin laver of zirconium 
sponge powder was applied to the line of 
welding on the workpieces. Each work- 
piece sample was welded at the same arc 
current and weld speed. The results of 
the tests are shown in the photographs 
of Figs. 9 and 10. The top and bottom 
sides of each workpiece sample are 
shown. The photographs show that the 
penetration was increased in the cases 
when zirconium sponge powder was 
added to vacuum atmosphere- 
melted Zircaloy-2. Although these tests 
do not conclusively prove that the chlo- 
rine content of the Zircaloy-2 is responsi- 
ble for the variance in weld penetration 
and anode heat output, the evidence con- 
firms the influence of impurities and, 
since chlorine undergoes the greatest 
variation in content, all evidence points 
to this impurity as the cause 


Discussion 

It has been shown by calorimetric 
measurements that a significant dif- 
ference in the anode heat output exists 
with Zirealoy-2 materials. Also, it ap- 
pears that the anode heat output is a 
function of the amount of certain im- 
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purities contained in the materials. Fur- 
thermore, the diffusion and evaporation 
of this impurity are manifested by a 
higher anode heat output. Upon the de- 
pletion of this impurity, a lower anode 
heat output is found, as illustrated by 
Fig. 8. Of the several residual elements 
found in the Zircaloy-2 materials, chlo- 
rine and hydrogen are outstanding with 
respect to comparative concentrations 
in the Zircaloy-2 prepared by the two 
Without excep- 
tion, in 11 ingots, 3 of inert-gas-melt and 


process techni jues 


§ vacuum-melt, the chlorine and hydro- 
gen content in the inert-gas-melt ma- 
terial is at least about twice as high as 
the vacuum-melt material, and in the 
case of two ingots represented by this 
experimental work, 5 times in the case of 
chlorine and 3 times in the case of hy- 
drogen. The analvsis of oxvgen and 
nitrogen shows their concentrations in 
both materials to be nearly the same. 
Chlorine is classified as strongly elec- 
tronegative’’ because its atomic arrange- 
ment and chemical behavior are such as 
to absorb free electrons to form negative 
ions The existence of negative ions 
and their effect in high-pressure ares is a 
comparatively new concept. However 
the work on glow discharges has conclu- 
sively demonstrated the striation effect 
of the conducting path and the increase 
in the anode fall In the electronega- 
tivity scale, the order for the halogens 
varies from iodine, with least elect: o- 
negativity, to bromine, chlorine and 
finally fluorine which has the greatest 
electronegativity The theory of the 
effect of negative ions shows merit. It 
would be expected that the effect would 
be more pronounced with the use of 
bromine, chlorine or fluorine. Also, cer- 
tain halogen compounds such as sulfur 
hexafluoride are suggested to increase 
the anode heat output when welding the 
vacuum-melt material. The concentra- 
tion ol halogen necessary to influen 
the anode heat output appears to be of 


extremely low order 


Summary and Conclusions 

1. The anode heat output is higher 
for the inert-gas-melt Zircaloy-2 than 
the vacuum-melt material. 
2. The anode heat output appears to 
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depend on the diffusion and evaporation 
of an impurity, such as chlorine, from 
the Zircaloy-2. 

3 The higher anode voltage, and 
higher anode heat output resulting from 
the impurity, is caused by the formation 
of negative ions. The source of the 
electronegative gas would be chlorine, a 
residual impurity 

t. It is suggested that the control of 
the chlorine content during the arc melt- 
ing of the alloy may eliminate the vari- 
ance introduced in the welding of these 
materials 

5. As determined calorimetrically, 
the cathode drop of the helium-gas- 
shielded -in. diam pure-tungsten arc 
at 60 amp current is 6.9 volts. The 
anode drop with Zircaloy-2 anode ma- 
terial was found to vary with the sponge- 
base-alloy melting practice in the range 


of volts. 
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EFFECT OF NEUTRON IRRADIATION 
ON THE MECHANICAL PROPERTIES OF 
SOME STRUCTURAL STEELS 


1302 steel found to undergo little or no change in 


room-temperature tensile and impact properties upon trradiation; 


1201 steel increases in strength, and decreases in ductility and 


energy-absorplion ability with increasing trradiation 


BY E. E. BALDWIN 


ABSTRACT. Tensile and impact  speci- 
mens of ASTM A302B steel were irra- 
diated at 500 and 700° F to integrated 
fast fluxes of 3.8 nvt. Notched- 
bend specimens of ASTM A201 steel were 
irradiated at 300-400° F to integrated fast 
fluxes of 4.3 X 10”. Results indicated 
little or no change in properties of the 
4302, but substantial increases in strength 
and loss of ductility and energy absorption 
ability of the A201. Substantial recovery 
of the A201 damage could be accomplished 
by annealing at 600° F. 

Introduction 

Within the past several years there has 
been expended an increasing effort upon 
the design, development and construe- 
tion of plants to convert the nuclear 
energy of the atom into usable power. 
The feasibility of such efforts has been 
demonstrated by the successful opera- 
tion of the submarine “Nautilus” and 
more recently by the “Sea Wolf.” 
Subsequent to the development of these 
two power plants, there has been an 
increasing amount of design and de- 
velopment effort directed toward using 
the same source of energy for the pre ndue- 
tion of commercial power in stationary 
power plants. With the increasing cost 
and threatening depletion or exclusion 
from world sources of fossil fuel, there 
will be an ever increasing demand for 
greater utilization of atomic power, and 
consequently more and more time, 
money, and manpower devoted to the 
design and development of nuclear power 
plants. 

Any nuclear power plant, stationary 
or mobile, has three major parts: (1) a 
reactor in which fission of atoms of 
nuclear fuel such as uranium takes place 
E. E. Baldwin is associated with the General Elec- 
trie Co., Knolls Atomic Power Laboratory 
Schenectady, N. Y 
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at a controlled rate, releasing energy in 
the form of heat and various types of 
radiation; (2) a heat exchanger where 
the heat produced by the fission of the 
nuclear fuel is transferred to a working 
fluid; and (3) a power conversion unit 
which transforms the heat to usable 
energy. In the reactor, radiation pro- 
duced during the fission of the fuel atoms 
includes gamma rays, neutrons of vary- 
ing energies and fission fragments or 
foreign atoms produced by the fission 
process and imparted with a _ high 
energy by the fission reaction. Inves- 
tigators have found that these fission 
radiations and particles may cause 
changes in the properties of structural 
materials in the near vicinity of the 
reactor, the type and magnitude of the 
change being dependent upon the type 
of radiation and amount of exposure. 
As reviewed by Glen', a particle pro- 
duced by fission may do one of several 
things when it comes in contact with an 
atom: (a) collide with one or more 
orbital electrons; (b) collide elastically 
with the nucleus; or (c) produce some 
damage to the nucleus. Models have 
been proposed and calculations have 
been made of the probability of each of 
the above reactions by Holden and 
Kunz,? Bruch, MeHugh, and Hocken- 
bury,’ and others. Sutton and Leeser* 
summarize in tabular form the relative 
effects of the general types of fission 
radiation, and along with Kunz and 
Holden,’ Wilson and Billington,® and 
Berggren and Wilson’ tabulate typical 
examples of the effects of these nuclear 
particles upon structural materials. 
In general, these investigators show 
that the changes listed in Table 1 take 
place in structural metals and alloys in 
single crystal and polyerystalline form. 
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The magnitude of the changes listed in 
Table 1 are dependent upon the condi- 
tion of the material prior to irradiation 
(annealed materials show a _ greate! 
increase in properties than cold-worked 
material) and amount of exposure 
(Changes increase with increased expo- 
sure). 

The transfer of the heat from the reac- 
tor to the heat exchangers of a nuclear 
power plant, as noted in the introduc- 
tion, is accomplished by a_ primary 
liquid coolant. Water has been used 
successfully for this purpose and since 
the temperatures involved are well 
above its atmospheric boiling point, it 
must be pressurized to maintain it as a 
liquid. In certain nuclear vessels con- 
taining water as primary coolant, car- 
bon or low-alloy boiler steels such as 
ASTM A201 and A302, have been used 
as construction materials. As noted 
previously, changes in properties o! 
structural materials resulting from neu- 
tron irradiation are dependent upon the 
magnitude of the radiation received. 
Thus, if a certain carbon steel were sub- 
jected to neutron bombardment of 2 
different intensities or fluxes for the 
same length of time, the sample sub- 
jected to the highest flux would undergo 


Table 1—Changes in Properties of 
Structural Materials Resulting from 
Nuclear Fission Radiation 


Property Change 


Tensile strength Increase 

Yield strength 

Ductility 

Hardness 

Impact transition 
temperature 

Electrical resistivity 


Increase 
Decrease 
[ucrease 


Increase 
Increase 
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Table 2°—Tensile Properties of ASTM A302B Steel in Irradiated and Unirradiated 
Condition 
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Table V-Notch Impact 
Transition Temperature of Irradiated 
and Unirradiated ASTM A302B Steel 


ft-lb transition 


Specimen treatment lem perature } 
As machined, normalized 
and tempered 
20 days at 500° F 
Irradiated at 500° F 
20 days at 700° F 
Irradiated at 700° F 


the greatest change in properties 

There has been occasion at the Knolls 
Atomic Power Laboratory to investigate 
the effect of neutron irradiation on the 
mechanical properties of 
alloy steels subjected to two flux con- 
ditions. ASTM A302 manganese-molyb- 
denum steel is being 


earbon or 


used as a pres- 


sure vessel to contain a and in 
service will be subjected to a relatively 
low neutron flux that will result in it 
receiving a total fast* neutron dosage 
of approximately 5 to 10 * 10" neu- 
trons per during its 
design life ASTM A201] 
carbon-silicon steel is being used as 
the construction 
pressure-high temperature 

radiation test facility. This 
is subjected to a relatively 

tron flux, 
dling, it is desirable to expose 
terial to neutron 
possible 


reactor, 


centimeter 
addition, 


square 
In 

for a high 

water 


material 

material 
high neu- 
ult han- 
this 


and because of diffi 
dosage as 
the 


opera- 


as great a 
the 
steel change enough to make 
tion of the facility unsafe. 

As a result of these two applications, 
two experimental programs have 
in progress to determine the effect o! 
neutron irradiation on both A302 and 
A201 The A302 was irradiated 
to an integrated flux approaching that 
which the steel would see 


before properties of 


been 


steels. 


in service as a 
reactor pressure vessel (5 to 10 K 10" 
nvt—fast). The A201 steel was exposed 
to increasing amounts of irradiation [1 to 


neutron 
ye having an energy 


referred to in ‘this paper as 
in excess of 1 ey 
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Fig. 3 Notched-bend specimen 
of the reactor pressure vessel. 
Details of the specimens used, ir- 


radiation conditions, and test procedure 
followed have previously been reported.’ 
Summaries of the tensile and impact 
data obtained in this investigation are 
A graphical 
energy 


listed in Tables 2 and 3. 
representation of the impact 
versus temperature curves is shown in 
Figs. 1 and 2. 
Results 
Surveving A302 


be 


the results of the 
investigation listed above, it 
seen that there was little or no effect 
of the irradiation on the tensile or im- 
pact properties of the steel investigated. 
There was some slight variation in the 


ean 


properties but these can be accounted 
for by normal testing variation. 


ASTM A201 Steel 

To determine the effect of neutron 
radiation on the properties of ASTM 
A201 steel used in the 
construction of a high-temperature, 
high-pressure irradiation facility, speci- 
mens of this material were irradiated to 
increasing amounts of integrated fast 
neutron flux, and tests made of these 
specimens to determine the effect of 
this radiation on the mechanical prop- 


carbon-silicon 


erties of this material. 


Experimental Restrictions and 
Specimen Selection 

In order to obtain a fast neutron flux 
which was equal to or greater than 
that by the experimental 
facility, irradiation facilities had to be 
used which necessitated the sealing of 
test specimens in approxi- 
mately 1! in diam, and lengths 
ranging from 4 to 8 in. In addition, 
because of the demand on this partic- 
a limited number of 
A third 
limitation was imposed by the facts 
that (1) it was necessary to start the 
investigation at the earliest 
date and (2) only a limited supply of 
A201 steel in the form of ' ,-in. thick 
plate was available for test specimens. 

With these limitations, it 
vious that tensile 
impact specimens could not be used, 


received 


capsules 
in, 


ular facility, only 
capsules could be irradiated. 


possible 


was ob- 


standard-size and 
and since it was desirous to irradiate a 
number of specimens under the same 
conditions, even sub-size tensile and 
impact specimens would not be suit- 


Since previous work had shown 


able. 


that one of the major effects of neutron 
radiation damage of carbon steels is 
the embrittling or loss of duetitity, 
and since one of the major worries of 
the effect of neutron radiation on the 
experimental facility was failure due to 
the combination of the presence of a 
notch and embrittlement, it 
cided to irradiate notched bend speci- 
mens shown in Fig. 3 for the initial 
part of the investigation, followed by 
irradiation of sheet-type tensile speci- 
mens under conditions equivalent to 
the bend By this pro- 
cedure, it was felt that a comparison 
of the test results on the bend speci- 
mens could give a more or less qualita- 
tive indication of the effect of irradia- 
tion, and tests of the tensile specimens 
would give a quantitative explanation 
of the bend test results. The bend 
test portion of this investigation has 
been completed and is described herein. 
The tensile tests have yet to be com- 
pleted, and will be reported at a later 
date. 


was de- 


specimens. 


Irradiation Conditions 

Three capsules, each containing 20 
bend specimens, irradiated to 
integrated fast neutron fluxes of 9.9 
x 10'*, 2.5 « 10 and 4.3 10” nvt 
respectively. When the specimens were 


were 


encapsulated, they were prevented from 
coming into contact and causing local 


hot spots during irradiation, and the 
capsule was evacuated and filled with a 
protective atmosphere prior to closure. 
It was calculated from the design of the 
capsule that the specimens were at a 


temperature of approximately 
400° F during irradiation. 


300 


to 


Fig. 4 Bend tester for radioactive 
materials 


Table 4—Bend Test Results of Irradiated ASTM A201 Steel 


Calculated integrated fast Average energy ab- 
neutron flur, not Test temperature, ° F No. of tests sorbed, in.lb 
9 9x 10% RT 3 1.9 
200 1.5 
300 3 
100 3 5.6 
500 2 
600 l >11.9 
600/1 hr/RT* I 15.6 
2.5 x 10” RT 3 3.2 
200 3 
400 3 6.8 
600 2 9.4 
600/1 hr/RT* I 13.4 
$3 x RT 3 1.8 
200 3 
100 3 5.0 
600 3 8.3 
600/1 hr/RT* 3 14.0 
600/1 hr/600F 10.3 
* Annealed at 600° F for 1 hr—tested at RT. 
t Annealed at 600° F for 1 hr—tested at 600° F. 
Table 5—Room Temperature Hardness of Irradiated and Annealed 
ASTM A201 Steel 
Hardness, Change in 
Integrated fast flux, Treatment hardness, R4 
None, as received 13.0 0 
9.9 x 10" As irradiated 61.9 +18.9 
9.9 x 10% Annealed | hr at 600° F 55.1 +12.1 
2.5 x 10” As irradiated 62.9 +199 
2.5 x 10” Annealed 1 hr at 600° F 57.8 +14.8 
1.3 x 10” As irradiated 64.5 +21.5 
1.3 x 10% Annealed | hr at 600° F 51.1 + 8.1 
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When returned after irradiation, the 
capsules were opened and tested in the 
Radioactive Materials Laboratory at 
the Knolls Atomic Power Laboratory. 
Tests conducted included Rockwell A 
hardness measurements, and bend tests 
at room and elevated temperature. The 
bend tests were conducted in the appa- 
ratus shown in Fig. 4.9 For conduct of 
tests at elevated temperature, the speci- 
mens were heated by a nichrome resist- 
ance heater. 

The bend tests were conducted by 
supporting the specimen as a simple 
beam with the notch at the bottom in 
the center of a 1.5-in. span. The load 
was applied in the center opposite the 
notch and a record made of load and 
deflection to failure. From these data, 
plots were made of the load-deflection 
‘urve for each specimen. 


Results 

Using the test conditions outlined 
above, the data obtained from the test 
specimens are listed in Tables 4 and 5. 
The energy absorbed was determined by 
measuring the area under each load-de- 
flection curve to the point of specimen 
fracture. In addition to the above 
tables, average load-deflection curves 
are shown for specimens in each condi- 
tion in Figs. 5, 6 and 7. 


Discussion 

The data presented herein gives an 
indication of the effects of neutron ir- 
radiation on the mechanical properties 
of Jow-alloy steels under several differ- 
ent conditions. The data determined 
for the A302 steel showed the effect 
when such materials are irradiated at 
elevated temperatures to integrated 
fluxes of 10'° nvt (fast) or less. On 
the other hand, with the data for the 
A201, the effect of irradiation to inte- 
grated fast neutron fluxes in excess of 
10” nvt, and annealing and elevated 
temperature is determined. 

The experimental evidence for the 
A302 is obtained in the form of stand- 
ard tensile and impact properties. 
For the A201, however, the data were 
obtained in the form of load-deflection 
curves for notched bend specimens, 
and not test data from standard tensile 
specimens. Examination of the curves 
shown in Figs. 5, 6 and 7 indicates that 
some insight can be gained on the 
effect of irradiation on standard me- 
chanical properties. Since the dimen- 
sions of the area under the curves are 
in inch-pounds, this is an energy ex- 
pression, and can be used as a measure 
of energy absorption. By comparing 
the maximum deflection to fracture for 
each test condition, a comparison of 
ductility can be obtained. Finally, a 
qualitative comparison can be made of 
strength by noting the maximum load 
and the load at deviation from linearity 
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Fig. 5 Load-deflection curves of A201 notched-bend specimens irradiated to a 
fast flux of 9.9 K 10'° nvt 
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Fig. 6 Load-deflection curves of A201 notched-bend specimens irradiated to a 
fast flux of 2.5 & 10” nvt 
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Fig. 7 Load-deflection curves of A201 notched-bend specimens irradiated to a 
fast flux of 4.3 &K 10” nvt 
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of the load-deflection curve. This com- 
parison is not felt to be as valid as the 
other comparisons because of the stress 
and strain concentration properties of 
the notch. 

In reviewing the data reported herein 
on the tensile and impact properties of 
A302 manganese-molybdenum steel, it 
can be seen that under the experimental 
conditions reported, there was no de- 
tectable change in the tensile or impact 
properties. Comparison of these data 
with that on similar materials published 
by Berggren and Wilson’ indicates that 
for integrated fast neutron fluxes less 
than 10 nvt, little or no property 
changes can be addi- 
tion, the tensile and impact properties 
showed no change specimens 
were heated to the same temperatures 
and for the same lengths of time as the 
irradiated specimens. The irradiation 
temperature, therefore, evidently did 
not produce any annealing effects. In 
addition, microstructural studies indi- 
eated no difference in the microstruc- 
as-received and 


expected. In 


when 


ture between the 
heated specimens. 

On the basis of the evidence obtained, 
therefore, it seems logical to conclude 
that ASTM manganese-molyb- 
denum steel when irradiated to inte- 
grated fast neutron fluxes of approxi- 
mately 4 & 10% nvt at 500 and 700° F 
undergoes no measurable change in 
tensile and impact properties. 

The data reported herein on the A201 
steel present quite a different picture. 
For this steel, each specimen was ir- 
radiated to an integrated fast neutron 
flux of 10° nvt or greater, and the 
data reported by Berggren and Wilson’ 
and Bleiberg™ on similar steels (ASTM 
A106 and ASTM A212) show marked 
increases in hardness, vield strength, 
and impact transition temperature and 
decrease in ductility. From a_ study 
of these data one can obtain an insight 
into the effects of neutron irradiation, 
elevated temperature testing and an- 


nealing on the mechanical properties of 
A201 carbon-silicon steel. 

If one establishes as a criteria for 
ductility the deflection to fracture of 
the bend specimens tested, examination 
of Figs. 5, 6 and 7 indicates (1) in gen- 
eral, for any particular temperature, 
the ductility decreases with increasing 
amounts of irradiation and (2) for any 
given amount of irradiation, the ductil- 
ity increases with temperature. Minor 
variations in these general trends occur, 
but it is felt that these variations are 
due to the stress and strain concentra- 
tion introduced by the notch. 

The effect of radiation, temperature 
and annealing upon yield strength can 
be evaluated if one selects as a crite- 
ria for this evaluation the departure of 
linearity of the load-deflection curve. 
Again comparing the load-deflection 
curves for each of the three irradiation 
conditions, one can see that, with in- 
creasing amounts of radiation, the 
yield strength at any temperature in- 
creases, and that the yield strength de- 
creases with increasing temperature 
for any given amount of irradiation. 

The energy absorption ability of the 
material and the effects of irradiation 
on this property are determined by 
comparing the areas under the curve. 
In Fig. 8 the energy absorbed has been 
calculated and plotted versus test 
temperature. These data indicate that, 
the energy absorption increasing with 
increasing temperature, with the ex- 
ception of 600° F, irradiation within the 
limits studied has little effect on this 
property. At 600° F, however, there is 
a definite decrease in the energy ab- 
sorption with increasing irradiation. 

Since irradiation damage is thought 
to be primarily caused by lattice defects, 
annealing after irradiation should re- 
pair these defects. The effect of an- 
nealing at 600° F is dramatically illus- 
trated by comparing the curves for the 
unirradiated room temperature speci- 
men, the irradiated room temperature 


specimen and the specimen tested at 
room temperature after annealing at 
600° F for 1 hr. At each irradiation 
level, there is recovery of an appreciable 
amount of the pre-irradiation properties 
by the annealing treatment. 

Examination of the load-deflection 
curves indicates that there is a rather 
wide difference between the properties 
at 400° F and those at 600° F. To 
determine the effect of various anneal- 
ing times at 500° F, specimens which 
were irradiated to 4.3 x 10% nvt were 
annealed at 500° F for 1, 10 and 100 hours 
and tested at room temperature. The 
resultant load-deflection curves are 
shown in Fig 9, together with the curve 
for the specimen annealed at 600° F 
for 1 hr. 

Examination of Fig. 9 indicates that, 
for A201 steel, an anneal at 500° F 
for up to 100 hr has only a fraction of 
the effect produced by annealing | hr at 
600° F. 

Although these annealing data show 
that a major portion of the damage 
caused by radiation in A201 steel can 
be recovered by annealing at elevated 
temperatures after irradiation, it does 
not indicate that radiation damage 
oceurring in A201 steel specimens will 
be concurrently healed by irradiating 
them at the elevated annealing temper- 
ature. Recent data have indicated"! 
that for materials in which the radiation 
damage can be removed by _high- 
temperature annealing after irradiation, 
the damage is not completely removed 
when the annealing and radiation take 
place simultaneously. 


Work to Be Done 


As pointed out, the notched-bend 
tests of A201 gave only qualitative 
data, and that sheet tensile specimens 
will be tested to explain and amplify 
the results of the bend tests. In ad- 
dition, it is planned to irradiate smooth 
and notched-bar round tensile speci- 
mens to greater integrated fluxes than 
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Load-deflection curves of annealed A201 notched- 


bend specimens, irradiated to a fast flux of 4.3 & 10” nvt, 
tested at room temperature 
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the bend specimens, and full-size Charpy 
V-Notch impact specimens to equiva- 
lent integrated fluxes. The 
specimens will be used to study the 
effect of irradiation and 
annealing behavior, and the impact 


tensile 
increased 


specimen will be used to correlate 
energy absorbed by the bend = speci- 
mens with impact energy 

Conclusions 

From the results obtained in this 
investigation, the following conclusions 
can be drawn: 

1. ASTM A302) manganese-molyb- 
denum steel undergoes little or no 
change in its room temperature tensile 
and impact properties when irradiated 
to integrated fast fluxes less than 10!° 
nvt. 

2. ASTM A201 carbon-silicon steel 
irradiated to integrated fast 
neutron fluxes in excess of 10° nyt 


W hen 


increases in strength, and decreases in 
ductility and energy absorption ability 
with increasing irradiation as deter- 
mined by notched-bend — tests The 
properties of this material approach 


those of the unirradiated material with 
Increasing temperature and il major 
portion ol the radiation damage can be 
recovered by annealing for 1 hr at 
600° F 

The investigation of A201 steel indi- 
cates a general philosophy which is 
recommended for any radiation damage 
program which is to be conducted on a 
material proposed for a specific use. 
The conditions under which the ma- 
terial is irradiated should simulate as 
closely as possible the design operating 
conditions of the equipment for which 
material is to be or is proposed for 
use. These conditions include temper- 
ature, environment and neutron flux. 
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FLASH WELDING 


BY E. SCHNEIDMADL 


The refrigeration industry’s require- 
ments for butt welds joining copper to 
aluminum tubing are best met by flash 
welding. A new type of pneumatic 
flash welder now is available having the 
required characteristics for this exact- 
ing type of welding. The new welder 
is well adapted to provide the required 
inverse logarithmic form of flashing 
If L is the length flashed and ¢ 
is the time of flashing, the flashing speed 
V = (L/t) — C)) 

[C(T. — T;)A)} 
where P is power, 7, is welding tem- 
perature, 7; is initial temperature, A is 
cross-sectional area to be welded and 


speed, 


Abstract by Gerard E. Claussen of “Die Her 
stellung Hochwertiger Verbindungen Zwischen 
Kupfer und Aluminum Durch Abbrenn-Stumpf 
schweissung published in Schwetssen und 
Schneiden, 9, 59-64 (1957 Reprinted from the 
Vereinigte Deutsche Metallwerke AG, Werdohl 
(rermany 


Dr. Claussen is associated with the Development 
Laboratories, Linde Company, Newark, N. J 
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are constants. 

The new welder has no cam. The 
movable platen is connected to the 
Oil on the 
opposite side of the piston controls the 
motion of the platen. A control valve 
is arranged so that the platen travels 
back and forth as desired. The clamps 
also are pneumatic. 


piston of an air cylinder. 


The copper tubing was soft, 99.9% 
purity, and between 3.150-in. OD, 
0.630-in. wall and 3.158-in. OD, 0.689- 
in. wall. The aluminum tubing was 
soft, 99.7% purity, and between 3.142- 
in. OD, 0.535-in. wall and 3.158-in 
OD, 0.512-in. wall. 

The welding conditions were: 

Initial extension, copper. .0.217 in. 
Initial extension, 

aluminum .01582 in. 

2-deg 
he vel) 
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Q.24 in. 

30 cycles 
0.32 in. 

3 eveles 

31 fps 
18,000 amp 


1'/.eyeles 


Total flash-off 
Flashing time 
Total upset 
Upset time 
pset velocity 
current 


pset current time 


alter upset the jomt is 
drawn back into a recess in the clamps 
and is struck a forging blow by the 
This is similar in 
principle to the double upset used in 
America 
designed to force CuAl, compound from 
the joint 


pneumatic clamp. 


The high upset pressure is 


Nitrogen or carbon dioxide under 5 
lb pressure is supplied to the interior of 
the tubing during welding. The gas 
tends to make results more uniform and 
blows out flash from the inside of the 
tubing. 
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Paper presents recent experimental results and 


SELF-FLUXING AIRPROOF BRAZING ALLOYS 


brings up to date the theory involved in the formulation 


of self-fluring, airproof brazing alloys 


ABSTRACT. This paper presents a prog- 
ress report on a program to develop 
self-fluxing, airproof brazing alloys. 
though some experimental data are pre- 
sented, the emphasis is on the theoretical 
considerations which govern the formula- 
tion of such alloys 

The paper minty be 
follows: 

1. A self-fluxing, airproof brazing alloy 
can be made by adding another highly 
reducing element to a lithium-bearing 
brazing alloy. This element must have 
the same high affinity for oxvgen at 
brazing temperatures as has lithium. 
The most important prerequisite for ob- 
taining airprool brazing properties is that 
the binary phase diagram of the two oxides, 
the lithium oxide and the oxide of the 
other highly reducing element, must have 
at least one eutectic point with a melting 
point considerably below the solidus 
temperature of the given brazing alloy 

2. It appears that the combination 
lithium-boron is almost ideal because: 
(a) both lithium and boron have high 
affinity for oxvgen at brazing tempera- 
tures; (4) according to the binary phase 
diagram LivO-B.O., the two oxides form a 
low-melting compounds — and 
mixtures ol compounds; and (¢) lithium 
borates have excellent fluxing properties 
4. Brazing experiments have shown 
the correctness ol the loregoing approach 
\ Cu-Ni-Li-B alloy has been used to 
braze steels in air, without fluxes or pro- 
tective atmospheres. Although this par- 
ticular allov is not commercially feasible 
because of poor corrosion resistance and a 
tendeney for segregation in its prepara- 
tion, it demonstrates the principles out- 
lined. Both difficulties are due to the 
complete insolubility of lithium in solid 
nie kel or copper, and due effort is being 
and will be devoted to a search for suitable 
ind pr tical alloys capable ol dissolving 
both lithium and boron 


summarized as 


series ol 


Introduction 

The Armour Research Foundation has 
been working for some time on a pro- 
gram to develop self-fluxing, airproof 
brazing allovs. Favorable results have 
been obtained and patents applied for 
and issued Papers have been pub- 
lished’? describing the results up to date 
of their publication. The purpose of 
this publication is to present a further 
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progress report on this general develop- 
ment, and, more specifically, to bring 
up to date the theory involved in the 
formulation of self-fluxing 
brazing alloys. Some of the recent 
experimental results are 
some are stil] withheld because of patent 
considerations; but, above all, the 
guiding principles are discussed as they 
are currently 
stimulate further activity 
search workers in the long-neglected 
field of brazing. 

It is necessary at the outset to define 
the term “self-fluxing, 
used in this presentation. By  self- 
fluxing, airproof brazing 
meant alloys which can be used for 
brazing in air without any additional 
fluxes or protective atmospheres. The 
word “additional’’ is added to the 
definition to differentiate external fluxes 
from fluxes which are formed in situ as 
a result of the reduction reactions oecur- 
ring between components of the filler 
metal and the oxides on the surface of 
the base metal. It is possible to estab- 
lish a definition of self-fluxing alloys, as 
differentiated from self-fluxing,  air- 
proof alloys, as those with which one 
can braze without additional fluxes but 
in some kind of protective atmosphere 
(neutral, slightly reducing or slightly 
oxidizing). Absolute differentiation be- 
tween these atmospheres is difficult 
because of the effect of the dew point 
among other things, on brazing. Thus, 
argon is not inert if the dew point is so 
high that the base metal will oxidize at 
the temperatures involved. However, 
according to the arbitrary definitions 
used in this paper, all of these atmos- 
pheres require only a self-fluxing alloy, 
whereas air requires a self-fluxing, air- 
proof alloy, if brazing is to be done 
without an additional flux. 

One might ask “What is the advan- 
tage of using a self-fluxing, airproof alloy 
over using an external flux, if a flux is 
present during brazing in both cases?” 
The primary disadvantage involved with 
a flux is the possibility of flux entrap- 
ments which weaken the joint. The 


airproof 


presented, 


understood, so as to 
among re- 


airproof”’ as 


alloys are 


Brazing Alloys 


chief advantage of a self-fluxing. air- 
proof alloy is presented in that (aside 
from production significance of omitting 
fluxing operation) no excess flux is 
formed; only that amount which is 
actually needed is formed in situ. It 
is believed, therefore, that the possi- 
bility of flux entrapments is greatly 
lessened. In any case, the amount of 
flux involved is certainly much less than 
if an external flux is used. By the same 
token, this can be a disadvantage in 
some production operations. Sometimes 
excess flux is used to protect parts of 
the base metal away from the actual 
joint which will be heated during braz- 
ing. protection will not be 
afforded if a self-fluxing, airproof alloy 
is used alone. 

The first self-fluxing brazing alloys 
were developed a long time ago. For 
instance, the well-known copper-phos- 
phorus and 
brazing alloys have been used for com- 
mercial brazing many 
vears. However, the self-fluxing prop- 
erties of these alloys were not recog- 
nized in the earliest years of their use 
Only in later years was it observed that 


copper-silver-phosphorus 


purposes for 


in brazing copper and copper alloys 
with the phosphorus-bearing alloys no 
fluxes or reducing atmospheres were 
necessary. It was found that at brazing 
temperatures phosphorus reduces the 
oxides on the surfaces of copper base 
alloys, making the phosphorus-bearing 
brazing alloys self-fluxing and airproof. 


Requirements of a Self-Fluxing, Air- 
proof Brazing Alloy and Possibilities 
of Meeting These Requirements 

The principal requirements of a self- 
fluxing, airproof brazing alloy are as 
follows: 

1. The brazing alloy must contain a 
deoxidizing element or elements which 
reduce the oxides on the surface of the 
base metal. 

2. The melting point of the products 
of the reduction reaction with the base 
metal oxides must be below the brazing 
temperature. related requirement 
is that the melting point of the products 
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of the oxidation reaction between the 
filler metal and the air be below the 
brazing temperature. 

3. The Viscosity ol the products ol 
the reduction and oxidation reactions 
must be low enough so that thev can be 
displaced by the filler 
capillary gap. 

These three principal 
will be discussed in detail 


metal in the 
requirements 


Affinity for Oxygen 

In Table | cveen affinity is 
expressed DY the tree energ Ol the 
oxidation reaction series ol reducing 


elements at 227, 727, 


1227 and 1727° ¢ 
These data were presented by L. M 
Pidgeon and are the most recent 
determinations of the free energies 
Consideration of free energies of 
starting 


point for the development of self-fluxing 


oxidation reactions is a possible 
brazing allovs. It should be borne in 


mind, however, that use of thermo- 
dynamics alone is very much an over- 
simplification of what during 
brazing. In short, thermodynamics is 


a science of equilibrium conditions and 


occurs 


brazing is probably as far from an 
equilibrium process as any to be found 
in metallurgy. In order to understand 
completely the formulation of — self- 
fluxing alloys one would have to know 
the kineties of the process; 
have to know, among other things, (1 
the rates of the oxidation reactions, the 

i which are listed in 
Table 1; (2) the solubilities of the oxides 
in the base and filler metals; and (3 


one would 


lree energies ol 


the phase diagrams among the various 


compounds present 


The second column ih Table | shows 


the free energies of the 
actions at 727° ( 


is close to the average practical brazing 


oxidation re- 
This temperature 


temperature of most of the silver-base 
and copper-base brazing alloys The 
seven most effective deoxidizing ele- 
ments are Al, U, Li, Ba, Mg 
In the 

} 


showh 


and Ca 
ourse of this program it has 
that of all 
Vi 10 investigated only 


thy deoxidi- 


ithium be me in a brazing 
to impart sell-fluxing properties 
The consideration excludes the 
use of the other deoxidizers alone is the 
melting point of the oxide formed 
Melting Point of the Products of Reduction 
and Oxidation 

In Table 2 are listed the 
points of the oxides of a series of ele- 
highest affinit, 

temperatures 


melting 


ments which 

for oxvgen at brazing 
It can be seen that the 
of these oxides are considerably higher 
than the 
highest-melting brazing 


melting points 


liquidus temperatures of the 
alloys, and even 
higher than the melting temperatures 


of the common base metals, copper and 


steel. From the data presented in 


Table 1 it is evident that by brazing a 
base metal with a self-fluxing brazing 
alloy containing Ti, Al, Ba, Li, Mg, Be 
or Ca, the base metal oxides on the base 
metal interface will be 
However, as a result of this 
reaction, the base metal oxides on the 


base metal-fill 


metal-filler 
reduced 


er metal interface will be 


replaced by a highly refractory oxice 


For instance, 
self-fluxing brazing alloy 


of the reducing element 


by using «a 


Table 1—Free Energy of Formation of Oxides in K-Cal per Oxygen Gram-Atom: 


14 727° 


* Quartz 
{utile 
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lO DOrazing of 
steel, which in eutral o1 slightly 
oxidizing atmospher overed i 
thin film of 
will be reduced i ‘placed b 


of MgO which 
obtaining sound brazed joints as are the 


iron oxides 
a laver 


is detrimental for 


Iron OXK ne he first part of the 
i self-fluxing 
it the product 


be molten at 


second require 

product of the 

netal in air be 

mnperature, is not 

( ippear to be 

identi The com- 
position of the film formed at the air- 
different from 
at the base 


filler m 


Table 2—Melting Points of the Oxides 

of Metals Which Have the Highest 

Affinity for Oxygen at Brazing Tem- 
peratures 


Ve ling 

point of 

ihe ore, 
1760 
2030 


1925 


interlace. If the 
it the air-filler 
metal u fa is aboy the brazing 


metal-fille 


melting } 


encapsulate 


preventing it 


the oxides listed in Table 2 
ithium oxide has the lowest 
point, 1430 owever, even this 
melting pomnt Dou SOO 
than the 
of most of the cor 
\loreover 
almost 


the most common base meta 


melting 


higher 
temperature 

| brazing alloys. 

ng point of Li.O is 


melting pomt of 
| 


low 


bon stee Consequent it might be 


the comparativelv higl 

() should be detri- 

properties of 

allovs even fol 

gh-melting base 

rreial carbon 

most sur- 

stigation of 

steel, 

steel with 
1% Li 

vn that these 


{-Auxing proper- 


arbon 


ithium to silver 


razing allovs 


of the reduction reacti 

the brazing te erature ES 

Vet Oxide 

\ AL) 

B Ba) 

| Li 1430 

My Mgt) 2770 

Het) 2930 

Ca CaO 2580 

temperature, this film 

—At 227° C 1227° from 1 
40.06 Cu 23.3 Cd 44 Na 74 
Hg 88 Pb 28.7 Cu 15.2 Cu 10.7 ae 
Cu 31.5 Ni 35.0 Ph 18:7 Ni 13.0 oes 
C(O 37.1 Co 38.8 Ni 24.2 A 15.0 

Pb 10 4 Cd 37.7 Co 20.5 Co 1904 
Ni 16.1 Fe 17.8 Na 38.6 33.8 
Co 47.9 C 79 Zn 38.9 | 
Cd a0 4 Zn 61.4 10.0 Mn 5d. 1 
Ke 55.5 Na 65.5 ( dS | 596 
SI 6 Min 74.5 Nir 65 6 61 40 
Na 83.0 \ \ 60 5 B 65.0 Imagined tha 
Mn 83.1 B 81.7 B 73.1 ( 68.5 meiting point 
\ 890 si 83.4 Si 73.1 Ti 70.1 mental for the 

B ri O14 ri 805 My i601 lithium-bearing 
si* 04.0 108.2 Li 92.0 82.0 brazing of s 
rit 101.2 109.0 \ Bu Sb.0 metais As ire 
119.1 Li 110.2 O88 Ca 05.5 
allov ste 

120 7 Ba 110.5 Ba 0 Be GO 
= prisIngiv, expe 

Ba 121.5 Mg My 3 

Li 127.7 Be 119.6 Be 108.33 etta 
rod ay 

Mg 130.8 Cn 126.0 (C's 113.3 drill and 
Be 131.3 molten 1% Li Be 
Ca 138.2 99°, Cu alloys 

ties. Small additions of 

results in self-flluxing 


Which sare capable of brazing carbon 
ind alloy steel without either flux or 
reducing atmospheres. It has been 
shown that the tensile strength of 
steel jomts brazed with 1°7 Li— 99% 
Ay allov is almost as high as the tensile 
strength of the steel joints brazed with 
pure silver 

One explanation why the compara- 
tively high melting pomt of Li is not 
detrimental for obtaining good sell 
fluxing properties of lithium-bearing 
brazing allovs is that lithium oxide 
forms low-melting slags with most of the 
metallic oxides. For instance, tungsten 
oxide, WQOs, which has a melting point 
f 1473° C, forms with lithium oxide 
i low-melting compound, Li.WO,, which 
has a melting point of only 742° C. To 
provide more evidence for this hypothe- 
sis, in Table 3 are listed the melting 
points of some of the high-melting 


oxides, and also the melting points of 
some of the compounds which these 
oxides form with LiO. These data 
only confirm the fact, well known from 
inalytical chemistry, that high-melting 
refractory oxides ¢ an be easily dissolved 
in the so-called “alkali melts.’’ 


However, for a complete  under- 
standing of the thermochemical mecha- 
nism of the self-fluxing process with 
lithium-bearing alloys, it is necessary to 
know the phase diagrams of the oxides 
of metals involved in this process. 
For instance, in order to explain the 
self-fluxing process in the brazing of 
steel with lithium-bearing filler alloys, 
it is necessary to know the LicO-FeO 
binary phase diagram. Unfortunately, 
the binary phase diagrams of the sys- 
tems LiO-FeO, LipO-Fe;0, and Li,O- 
FeO have not been investigated, 
ind no data are available on the melting 
points of lithium  oxide-iron oxide 
compounds or mixtures of these com- 
pounds, 


An additional factor, which might 
also contribute to the lowering of the 
melting point of Li,O, is the formation 
of small amounts of LIOH and Li,CO; 
during the brazing process. It has 
been observed that lithium-bearing 
brazing alloys show better self-fluxing 
properties in a less dry _ protective 
atmosphere than in a very dry one. 
Considering the extremely high affinity 
of LiO for H.O and COs, it is possible 
that in heating lithium-bearing brazing 
alloys in an atmosphere not entirely 
free of and COs, some small 
amounts of LIOH and Li.CO, will form 
simultaneously with LicO on the surface 
of the brazing alloy. These small 
quantities of LiIOH and Li,CO; might 
considerably lower the melting point of 

The melting points of the lithium 
compounds listed in Table 3 show that 
some of these compounds have a lower 
melting point than the solidus tempera- 


| )-s 


Table 3—Melting Points of Some Metal Oxides and of Some Compounds Which 
These Oxides Form with Lithium Oxide 


Oride 
Velting point, 
Klement Formula 
ALO 2030 
CrO 
\loW) 
1713 
Vi 1760 
\\ Wo) 1475 
B Bo) 150 


Compound with 
Velting point, 


Formula ( 
LiAlO, Over 1625 
LieCrO, 517 
LioMo), 705 
LesiO 1201 
LisiO, 1256 
1333 
LiIWO, 742 
LiBO, 


tures of most of the copper-base and 
silver-base brazing alloys. Especially 
low are the melting points of the com- 
pounds LieCrO,, Li.MoO, and LiBOs. 
The low melting points of these com- 
pounds can perhaps be taken advantage 
of for developing self-fluxing, airproof 
brazing alloys. Namely, an airproof 
brazing alloy can be composed by adding 
another highly reducing element to a 
lithium-bearing brazing alloy. This 
element should have about the same 
high affinity for oxygen at brazing 
temperatures as has lithium. In heat- 
ing such an alloy in air, two oxides will 
form simultaneously on the surface: 
lithium oxide and the oxide of the second 
highly reducing element. The most 
important requirement for obtaining 
airproof brazing properties is that the 
binary phase diagram of these two oxides 
have at least one eutectic point with a 
melting temperature considerably below 
the solidus temperature of the given 
filler metal. If this requirement is 
fulfilled, then, by heating such an alloy 
in air, the low-melting, liquid mixture 
of the oxides of the highly reducing 
elements will form on the surface of the 


filler metal a Jong time before the filler 
metal melts. This low-melting, liquid 
mixture of the oxides will constitute a 
flux which wil) protect the brazing alloy 
from any further oxidation during the 
melting process and the subsequent 
brazing process. Furthermore, this 
low-melting, liquid mixture of the oxides 
might even dissolve the oxides on the 
surface of the base metal, provided that 
the quantities of lithium and of the 
other highly reducing element are 
sufficiently high to form enough of the 
low-melting, liquid flux. 

According to these requirements, 
it has been found that the combination 
of lithium and boron, for the following 
reasons, is almost ideal for composing 
airproof brazing alloys. 

1. Both lithium and boron have high 
affinity for oxygen at brazing tempera- 
tures (see Table 1). Accordingly, dur- 
ing the heating and the subsequent 
melting process LixXO and BO; should 
both form on the surface of the brazing 
alloy. 

2. According to the binary phase 
diagram LisO-B,O3; (see Fig. 1), 
and B.O; form a series of low-melting 


1000 T T 
| | 
| 
950 + 
Li,0. 28,0, 
+ 
Liquid 
a | 
| 
| 
| 
Li2O . + Li20. | 
800 | B203 ? B203 
~ Lal | 
é 
| | | 
100 95 90 85 80 75 70 65 64 
Weight Percent 820, Li,0 — 


Fig. 1 Tentative phase diagram for the system LixO-B.O, 


(according to B. S. R. Sastry*) 
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compounds and mixtures of compounds 
The melting points of these mixtures, in 
a large range of compositions, are con- 
siderably lower than the solidus temper- 
atures of most of the silver-base and 
copper-base brazing alloys. 

3. Lithium borates have 
fluxing properties. The ability of th 
borates of alkali metals to readily dis- 
solve refractory 


excellent 


oxides is well known 
from analytical chemistry. 

The first 
auirproof brazing alloys containing lith 


experimental self-fluxing 


ium and boron were found to be air 
proof and could be used to braze ste 
in air without additional fluxes. How 
ever, it has been recognized that segr 
gation is a problem in the preparation 
of alloys containing lithium and boron. 
The first self-fluxing 
brazing alloy lithium and 
boron was gradually 


experimental 
containing 

prepared by 
dissolving small amounts of 
powder in molten nickel until the eutec- 
tic composition, 96° Ni — 4% B, with 
a melting point of 1140° C (2084° F) 
was obtained. This eutectic was com- 


nm 


pletely dissolved in molten copper to 
make an 80% Cu- 19.2% Ni-0.8% 
Bsalloy. Melting of the Cu-Ni-B 
alloys was carried out in recrystallized 
alumina crucibles in a 10°7, H. + 90° 
atmosphere. 

3v adding to the 80° Cu 
Ni 0.8% B alloy about 5 wt% of 
lithium, an alloy of the 
nominal 


19.2% 


following 
composition was obtained:* 
76.2% Cu-18.3% Ni-4.75% Li 
0.75% B. Since the 10% H. + 90% 
No atmosphere was not absolutely dry 
the losses of lithium were considerable. 
The melting range of this alloy was 
approximately 1900-2000° F. With 
this alloy, plain carbon steels, alloy 
steel 
brazed in air, without fluxes or protec- 
tive atmospheres. 
induction. and the joints were butt 
brazements of 3-in. long, */,-in. diam 
bars, as illustrated in Fig. 2. The 
maximum tensile strength of 
joints in SAE 1020 steel was 50,000 psi 
It should be pointed out that the 
particular Cu-Ni-Li-B alloy 
ibove does not have commercial signifi- 
cance for two reasons: (1) the tend- 
ency of this alloy to segregate, especi- 


steels stainless have been 


Heating was by 


such 


described 


ally when made in commercial quantities 
even when prepared using fast cooling 
such as chill casting, and (2) the high 
corrosion rate of such an alloy in water 
Soth of these phenomena arise because 
of the complete insolubility of lithium 
n either molten or solid nickel and in 


solid copper. However, the experi- 


An exact chemical analysis of alloys contain 
ng Li and B, at least at the present time, is n 
feasible, since no anal l \ 
ible for the determinati« 
n this type of all 
letermined by 
that present 
te., as well as « 
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Fig. 2 


ments with this alloy 
worth because of the 
afforded for the study and 
demonstration of the 
] 


been con- 
sidered while 
Opportunity 
principles in- 
opment of self- 


volved in the deve 


fluxing, airproof brazing alloys 
It would be desirable at this point to 
1 


utilize, as a base for a brazing a 
containing both lithium and boron, an 
element that dissolves larger quantities 
of both segregating. Palla- 


Howey er, 


without 
] 

dium is such an element. 
alloys 


nse of palladium-base 


> out their use as brazing filler 


Preliminary experiments have shown 
that it is not feasible to prepare self- 
fluxing brazing alloys containing silver 
and boron, without a separation in two 
phases. presumably due to the fact that 
silver and boron are completely insolu- 
ble in each other. 

From Table 3 it ean be seen that the 
melting point of BoO; is 450° C, 
lower than the melting point of any ol 
the lithium compounds listed. One 
might therefore, that a self- 
fluxing, airproof brazing alloy could be 
including without 
This was attempted, but it was 
found that Cu-Ni-B alloys were not 
self-fluxing. Two possible explanations 


exist: (1) the affinity of boron for oxy- 
9 


much 


expect 
formulated boron 
lithium 


gen is not high enough or the viscos- 
itv of B.Os; is too great to flow readily 
The latter explanation brings up the 
third self-fluxing, 
airproof brazing alloy, which is that the 


formed he low 


requirement ol i 


viscosity of the flux 
displaced in 
metal 


enoug! » that it can be 
the eapillarv gap by the filler 
This viscosity requirement applies, of 
course, to all brazing or soldering fluxes 
It is believed that the 
ation is probably responsible for the 
failure of the Cu-Ni-B allovs to be self- 
fluxing. It is known that borates in 


eneral 


viscosity consider- 


viscous when 


are glassy 


surprisingly the lithium 


molten, but 
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Induction heating apparatus for air-brazing experiments 


borate flu i | brazing with 
Cu-Ni-B-Li did letract from its 


airprool 


Summary 

-fluxin iuirproof brazing 
illoy ade by adding another 
highly lement a lithium- 


hearin is element 


1 


must affinity for 
mperatures as has 
portant 


iirproof 


oxygen 
lithium 


LISI lor 


prereq- 
brazing 
phase 
diagram o vo oxides, the lithiun 
the other highly 
reducing element, must 


properties inary 


oxide and 
have at least 
one eutecti i with a melting point 
considerab] the solidus tempera- 
1 brazing alloy 
it the combination 
lithium-boron is almost ideal because: 
a) both lithium and boron have high 
affinity for ox it brazing tempera- 
according to the binary 
phase liagram the two 
oxides form a , of low-melting 
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tures 


compounds 
and (¢ rates have excellent 
fluxing 

3 azin ‘riments have shown 
the correctness of the foregoing ap- 
proach, A Cu-Ni-Li-B alloy has been 
used to braze steels in air, without fluxes 


Although 


ommercially 


or protective itmospheres 
this particular alloy is not « 


feasible because of poor corrosion 


resistan for segregation 
demonstrates the 

Both difficulties 
ete insolubility of 
ithium in solid nickel or copper, and 
due effort j ell and will be devoted 
to a seare! r suitable and practical 
illovs capa both lithium 


and boron 
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It is well to dwell, at this time, on the 
clarification and distinction between 
the terms assigned to filler alloys as 
self-fluxing and/or air-brazing. It is 
first recognized that an alloy that can 
he considered “air-brazing’’ must be 
self-fluxing The reverse, however, 
does not hold. Furthermore, these de 
scriptive terms may be applied in this 
writer's opinion, only when the atmos- 
phere conditions are clearly expressed 
ind the composition of the base material 
known. Brazing temperature is another 
variable that may convert a self-fluxing 
designated filler alloy to an air-brazing 
designation. Brazing atmospheres are 
usually defined in the broad terms of 
reducing, neutral or inert, or oxidizing. 
With torch brazing, any of the three 
may be obtained with proper adjust- 
ment of the combustible gas to oxidizing 
vas ratio. However, regardless of the 
flame condition, the conditions of torch 
brazing are primarily oxidizing due to 
the moisture produced by the flame and 
the fact that under practical braz- 
ing heating conditions, neither the 
capillary nor the filler alloy is com- 
pletely enveloped by the reducing-flame 
atmosphere. Thus, for fluxless brazing 
with the torch, a truly air-brazing filler 
alloy is required. Due to the atmos- 
William M. Lehrer is associated with Armour 
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AUTHOR’S CLOSURE 


The diseussor is sincerely thanked for 
his contribution which undoubtedly is 
very helpful for setting more accurate 
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the easily reducible FeO, is present 
Thus, a filler alloy that is air-brazing 
for one steel composition may fail wit! 
another and rate as self-fluxing only 

Under an inert atmosphere of argon 
or helium, very often the filler alloy 
will flow if it is self-fluxing for some 
steels but must have air-brazing qualifi- 
cations for others. By the same token 
superalloys containing titanium and 
aluminum brazed under dry He» would 
require self-fluxing filler alloy but 
under argon would require the propertie= 
of an air-brazing filler alloy. This is 
due to the reduction of all the surface 
oxides with the exception of TiO, and 
Al.O; by the H, thus leaving only these 
oxides to be handled by the self-fluxing 
additions to the filler alloy. Under 
argon or helium, however, all the oxides 
are present and, depending on the purity 
of the inert gas, will increase in amount 
depending on the length of time in 
reaching temperature and, so mentioned 
the oxidation resistance of the steel. 

It has been clearly indicated by the 
above considerations that the develop- 
ment of a self-fluxing filler alloy, per se 
has an extremely broad scope and must 
be considerably narrowed to encompas= 
a specific set of alloys at a definite 
brazing temperature under a giver 
atmosphere. 


The contribution does not affect the 


conclusions of the paper, nor the theoret- 
ical requirements set down for develop- 


ment of “‘air-brazing allovs.”’ 
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INDUSTRIAL GASES 
FOR YOUR FUTURE 


To help supply the ever-increasing demands for 
industrial gases, Airco is forging new links to a 
growing chain of producing plants criss-crossing 
the country. Some of these new facilities are 
already in operation, others will be in operation 
by the latter part of this year. This multimillion 
dollar construction program will greatly increase 
our capacity to supply your present and future 
requirements for oxygen, nitrogen, argon and 
other gases. 


OXYGEN... 
NITROGEN... 
ARGON... 


The goal of this expansion effort is to gear each 
Airco plant to serve the needs of its own area— 
and also to support the customers of any Airco 
plant in an adjacent territory by providing 
deliveries of the industrial gases needed in the 
quantities required. 

The services Airco offers its customers are well 
worth your consideration. Let your nearest Airco 
office help plan the most economical gas supply 
for your needs and the most efficient way to use it. 


On the west coast 
Air Reduction Pacific Company 


AiR REDUCTION SALES COMPANY 


A division of Air Reduction Company, Incorporated 


In Cuba 
Cuban Air Products Corporation 


150 East 42nd Street, New York 17, N. Y. In Canada 


Air Reduction Canada Limited 


Offices and dealers in 

most principal cities 
Products of the divisions of Air Reduction Company, Incorporated, include: AIRCO — industrial gases, welding and cutting equipment, and acetylenic chemicals * PURECO 
— carbon dioxide — gaseous, liquid, solid (‘‘DRY-ICE') * OHIO — medical gases and hospital equipment * NATIONAL CARBIDE — pipeline acetylene and calcium 
carbide * COLTON — polyvinyl acetate, alcohols, and other synthetic resins 


oh 
Me 
> 
i 
‘ 
7 
3 
, 
it 
— 
AT THE FRONTIERS OF PROGRESS YOU'LL FIND... 
nternational 


